NOTICE

All drawings located at the end of the document.




) A er N Feinge
iﬂ%”&m %, %
Aawe) Uerrl O !
oy i A

Resource Conservation and Recovery Act
Post-Closure Care

Permit Application

For U.S.D.O.E -Rocky Flats Plant
Hazardous & Radioactive Mixed Wastes

Prepared by:
ROCKWELL INTERNATIONAL

North American Aerospace Operations

-
Reviewed for Classil’ica&ion/OUO{(/ﬂ/{/_ﬁ
By: Janet Nesheim, Derivative Classifier
DOE, EMCBC

Date: L‘Z.'{"’/J“C?y

Confirmed Unclassified, Not UCNI/Not QOUO

ot ﬂaﬁ%zmﬂaﬁz S

CO7890010526

5 October 1988

Volume XV

In Association with:

WS
E Chen & Assoc , Inc




irce Conservation and Recovery Act

Post-Closure Care

Permit Application

For US D O E -Rocky Flats Plant
Hazardous & Radioactive Mixed Wastes

CO7890010526

5 October 1988

Volume XV




C07890010526 Date: Octocber 5, 1988
Revision No.: 1

RCRA POST-CLOSURE CARE PERMIT
CONTENTS OF VOLUMES

SECTION VOLUME
POST-CLOSURE CARE PERMIT I
Sections A through K II
IIT
Iv

CLOSURE PLANS

APPENDIX I-2

Solar Evaporation Ponds v
VI
VII
VIII
APPENDIX I-3
Present Landfill IX
X
XI
APPENDIX I-4
West Spray Field XII
XIII
APPENDIX I-5
Original Process Waste Lines XIV
Xv
XVl

APPENDIX I-6
Container Storage Facilitaies XVII

APPENDIX I-7
Building 443 No. 4 Fuel Oil Tank XVIII

APPENDIX I-8
Hazardous Waste Storage Area, XIX
SWMU No. 203

APPENDIX I-9
Original Uranium Chip Roaster XX

APPENDIX I-10
Building 444 Acid Dumpsters XXT1

APPENDIX I-11
Bench Scale Treatment Unit, No. 32 XXII

APPENDIX I-12
Acid Dumpsters and Solvent Dumpsters XXIII




ORIGINAL PROCESS WASTE LINES

CLOSURE PLAN

U.S. DEPARTMENT OF ENERGY
ROCKY FLATS PLANT
GOLDEN, COLORADO

OCTOBER 3, 1988

ROCKWELL INTERNATIONAL
NORTH AMERICAN AEROSPACE OPERATIONS
ROCKY FLATS PLANT




ORIGINAL PROCESS WASTE LINES DATA SUMMARY SHEETS

APPENDIX 2
2.1 Pipes
2.2 Tanks




APPENDIX 2 : ORIGINAL PROCESS WASTE LINES
DATA SUMMARY SHEETS

The data summary sheets present all available data on the
original process waste lines (OPWL) pipes and tanks. One summary
sheet 1s provided for each pipe designation and one for each tank
designation.

The data 1s presented in matrix form to allow comparison of
information from several references. Across the top of the page
are reference numbers which correspond to the references at the
beginning of the respective section on pipes (2.1 Pipes) and
tanks (2.2 Tanks). The information presented on each data sheet
below the respective reference number was obtained from the
corresponding reference.
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APPENDIX 3 . Reference Documents

Selected reports cited in the closure plan and in AppendiX
2, Original Process Waste Lines Data Summary Sheets, are 1included

in this appendix for reference. The 1included references are
listed below:

CONCEPTUAL DESIGN REPORT, ENVIRONMENTAL IMPROVEMENT
PROJECTS, Rockwell International, Rocky Flats Plant,
Golden Colorado, December, 1985.

SURVEY OF THE STATUS OF THE EXISTING PROCESS WASTE
LINES, Sunday, G., Rockwell International, September,
1976, (unnumbered report).

REPORT OF AN INVESTIGATION ON A RECENT PROCESS WASTE

PIPELINE LEAK, Rockwell International, October 24,
1980, ES-376-80-217

UNUSUAL OCCURENCE REPORT - VALVE VAULT #7 OVERFLOW,

APRIL 4, 1983, Rockwell International, May 5, 1983,
UOR NUMBER RFP 83-2-SAGE 83-1.

A HISTORICAL SUMMATION OF ENVIRONMENTAL INCIDENTS
AFFECTING SOILS AT OR NEAR THE U.S. AEC ROCKY FLATS
PLANT, Dow Chemical, Undated (approximate date fall
1983), by J.B. Owen and L.M. Steward (Draft).

TANK LIST, Recckwell International, Mr. Bob James, 1988
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UNDERGROUND PIPING AND TANK REMOVAL

1 PART 1 - DESIGN CONCEPT

1.1 GENERAL DESCRIPTION OF THE PROJECT:

This project will provide for the removal of contaminated underground
piping, storage tanks, surrounding bedding material and underlying
contaminated soils from the abandoned process waste system located
throughout the Department of Energy's 384 acre Rocky Flats Plant Site,
north of Golden, Colorado. Figure 1 is an aerial photo of the Plant,
showing production facilities as well as the Great Western Reservoir
located east of the Rocky Flats Plant. A recent project provided a new
contained, inspectable, and alarmed waste piping system which replaced most
of the old network of buried process waste and treatment piping at the
Plant. Additional pipes are scheduled to be abandoned before the
completion of design on this proposed project. Other lines have been
abandoned in place and have remained unused for many years. Removal of
these pipes will further eliminate the potential for 1leaching of
contaminants into surrounding soil and ultimately into ground water
aquifers. Figure 2 shows the abandoned piping network to be removed, and
its distribution throughout the Plant. Also shown are the buildings under
which inaccessible piping is located. Approximately 17,000 linear feet of
trenching will be required to remove an estimated 20,000 1linear feet of
buried piping. An additional 7900 1linear feet of abandoned building
process waste system piping, under concrete floor slabs, 13 inaccessible
and will be flushed and plugged to stabilize contained contaminants. This
piping will be abandoned in place wuntil final decommissioning of the
facility.

Six process waste storage tanks and surrounding contaminated soil will
also be removed. Six other tanks will be decontaminated in-place and wused
for emergency fire water storage. Figure 3 locates all twelve tanks on the
Plant Site and 1indicates whether the tank 1s to be removed or
decontaminated. The abandoned process waste tanks to be removed or
reworked, in priority order, are as follows: (1) Slurry Tank 40 located
under the Waste Treatment Building (774); (2) Tanks 66, 67, and 68 located
southeast of Building 774; (3) aboveground Tank 207 located south of
Building 774; (4) Tank 123 1located south of the Production Support
Building (441), Area 11, will be removed along with the surrounding soil;
(5) four process waste and laundry waste storage tanks located on the north
side of the Manufacturing Building (776); and (6) two process and laundry
water tanks 1located north of the Plutonium BRecovery Buillding (771),
decontaminated, painted, and used for emergency fire water storage.

Contaminated soils, piping and concrete from removed utilities will be
packaged and shipped offsite for storage at the Nevada Test Site or other
approved hazardous waste repository. BResidual liquids and sludges within
the pipes will be removed and processed through existing Liquid Process
Waste Treatment Systems located in Building 374 at the Rocky Flats Plant.
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1.2 JUSTIFICATION:

The purpose of this project 1s to eliminate a potential for a Plant
shutdown due to a possible reiease of radicactive material into adjacent
solls or the introduction of volatile organie compounds (V.0.C.) or other
hazardous chemicals 1into the local ground water. Obsolete piping and
tanks, which were heavily used for 25 years, are not 1inspectable and
several dozen minor leaks have been documented over the years. Historical
records are scarce, however, data indicates a high probability that the
following contaminants have been deposited in the plping and tanks: 1)
plutonium; 2) uranium; 3) americium; 4) beryllium; 5) nickel; 6)
carbon tetrachloride; 7) chromates; and 8) nitrates.

As a conclusion of the documented leaks, 1t is obvious that
contaminants have been deposited outside of the process waste piping in the
adjacent bedding soils. The contaminants betome an environmental concern
in that they are exposed to several modes of mobilization. Downward
movement may occur as a result of heavy rainfall soaking into the ground
and carrying contaminants downward with it. Annual rains contributing to
ground water recharge Iin the vicinity of the Roecky Flats Plant have been
estimated at 20 million gallons. The capillary properties of trench
backfill material may draw contaminants up in a manner similar to a sponge.
Changes in the level of the ground water table from above the pipe network
to below the pipe can cause "flushing" of the contaminants. Horizontal
movement might be caused either by the flow of liquid along the outside of
any of the Plant's utility piping through porous bedding materials or by
the natural flow of the areas ground water.

Figure 4 shows the major geological formations in the area of the
Plant Site. The top soil layer is known as the Rocky Flats Alluvium. This
soil layer tapers off and ends Just east of the Plant proper. The next
layer is known as the Arapahoe Aquifer. The Arapahce Aquifer is relatively
porous and is an important water supply for cities and private well owners
downstream of the Rocky Flats Plant. If contaminants are allowed to
disperse into the Arapahoe Aquifer the resulting plume of hazardous
materials could adversely effect use of this important water shed,
resulting in ci¥il actions and criminal penalties.

Although the rate of dispersion 1s dependent on many factors,
including the solubility of the contaminant, the permability of the soil
and the flow rate of the ground water, dispersion 13 still a fact. The
distance the contaminants have traveled is not yet known. Studies are in
progress which will help define the extent of the problem.

Potential contamination of the soll 1layers and groundwater by the
abandoned piping network poses a significant threat to human health and the
environment. These risks are critical and should prompt i1mmediate cleanup
actions to eliminate the threat.

There are several regulatory concerns discussed in the following
paragraphs that also require removal of the abandoned piping and tanks.
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First, the Plant's National Pollutant Discharge Elimination System
(NPDES) permit, which is administered by the EPA is potentially at risk of
suspension or revocation. If the permit is revoked the Plant may be
required to shutdown wuntil corrective action is taken. The NPDES permit
establishes stringent limits on physical/chemical parameters monitored in
all releases from the Plant Site. The horizontal movement of contaminants
through the Rocky Flats Alluvium could surface as the alluvial soilils taper
off (refer to figure 3) upstream of the Plant's storm water retention
ponds. Surface water could deposit the contaminants in the ponds,
contributing to the quantity of hazardous materials retained, and
potentially, to a permit violation at any of six EPA monitoring stations
located in the same drainage basin. If, for any reason the Rocky Flats
Plant does not comply with, or 1s unable to comply with, daily maximum
effluent limitations specified within the permit, it faces consequential
EPA actions including penalties and possible revocation of the permit to
discharge waters from the ponds. Since the Rocky Flats Plant is required
by the permit to "take all reasonable steps to minimize or correct any
adverse impact on the environment resulting from noncompliance"™, the Plant
may be required to process the water retained within the ponds rather than
releasing it. Processing would need to be accomplished 1in the Liquid Waste
Treatment Facility, Building 374. This waste treatment facility was not
sized with sufficient surplus capacity to handle the pond water.
Therefore, waste generating production processes could have to be curtailed
until sufficient drawdown of the ponds occured to handle anticipated
precipitation.

Second, accomplishment of this project may preclude state intervention
in Plant operations under the Resource Conservation and Recovery Act
(RCRA). RCRA's goal, through State implementation, 1s to regulate the
management of hazardous materials from the time of their generation to the
time of theilr proper disposal. Leakage from the abandoned process waste
piping is not in compliance with RCRA's hazardous waste management goals.
On November 1, 1985 the Rocky Flats Plant was required to submit a permit
application, to the State of Colorado. The abandoned process piplng was
included as a part of that application, outlining potential concerns.
Although the requirements of the State's RCRA program are still evolving
during the earlty stages of lmplementation, it is almost a certainty that
the waste piping will fall wunder the monitoring requirements of RCRA,
Subtitle C. Using a parallel RCRA provision which governs the management
of non-radiocactive, non-mixed waste known as the Leaking Underground
Storage Tank (LUST) program as an indication of the upcoming requirements
of Subtitle C, it seems quite likely that the piping will have to be
removed or an extensive system of monitoring well stations will have to be
established to track the migration of contaminants. Assuming the permit is
required to continue operations at the Plant, maintaining compliance with
permit requirements 1s of paramount 1importance. The permit may be
terminated "when a managers treatment, storage or disposal activity poses a
threat to human health or the environment". Leaks in the abandoned systems
can certainly be interpreted by the Jjurisdictional agency as posing a
"threat to human health or the environment”.

Third, removing the speciflied piping and tanks would prevent a

viclation of EPA Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) requirements. CERCLA is a law created to provide
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liability, compensation, cleanup, and emergency response for hazardous
substances released into the environment. Any facility, such as the Rocky
Flats Plant, "knowingly releasing any elements, compounds, mixtures,
solutions, or substances which present substantial danger to public health
and welfare, or the environment", 1s liable for penalty under this act. If
the piping and tanks aren't removed, and are found in violation of CERCLA
requirements, (by releasing, or threatening a release of any substance
defined as hazardous under Section 101 (14) of Comprehensive Environmental
Response, Compensation and Liability Act of 1980) EPA intervention in plant
operations may result, until acceptable steps towards compliance are
completed (e.g. Oak Ridge, Y-12 Plant).

Fourth, the underground piping and tank removal project has been
sighted as a priority action i1tem under the Department of Energy,
Albuquerque Operations Office Comprehensive Environmental Assessment and
Response Program (CEARP). The objective of CEARP 1s to wutilize the
combined forces of the Albuquerque Operations Office, the Area Office, the
Prime Operating Contractors, and the Los Alamos National Laboratory in
implementing a phased program to identify, assess, and correect current or
potential environmental problems.

Finally, removal of the abandoned process waste lines and tanks will
conform to draft DOE Order 5480 initiating remedial actions to control
migration of hazardous substances, and comply with CERCLA Section 101 (24)
defining remedial action as those "consistent with permanent remedy taken,
instead of, or in addition to, removal actions in the event of a release or
threatened release of hazardous substance into the environment, to prevent
or minimize the release of hazardous substances so that they do not migrate
to cause substantial danger to present or future public health or welfare
or the environment"”.

The presence of the abandoned system often causes interference with
construction efforts. During excavation work, pipes are frequently
encountered and/or broken. Due to the known contaminants within the pipe,
typical demolltion or repair techniques cannot be used. Construction crews
are delayed while monitoring and removal/repair efforts are completed.
Rocky Flats Plant Waste Management procedures, and Contamination and
Exposure Control rules must be followed. Adhering to these guidelines
involves substantial costs and delays in otherwise simple construction
tasks.

Any delay in approval of funding will result in several adverse
impacts upon the project. Although the extent of leaching of contaminants
is not documented, considering the types of soil on Plant Site, the
assumption that 1leaching 1s taking place is reasonable. Since the cost
estimate 1s based on the volume of contaminated pipe and so1l to be
removed, delays 1in funding approval will result in additional soils
requiring removal and associated increased costs.

In order to satisfy all of the requirements imposed by various
regulatory agencies, and to terminate the constant threat to human health
and the environment, the underground piping and tanks must be removed.




1.3 RELATIONSHIP TO OTHER PROJECTS:

The installation of the new, contained, inspectable piping system
resulted in the need for abandonment and subsequent removal of the old
system. Additional phases of this project must be completed before other
piping, as shown on the drawings (see appendix 1.712), can be declared
abandoned. These continuing phases are scheduled to be complete within the
proposed construction period of this project.

The Underground Piping and Tank Removal project also shares many
characteristics with the Leaking Underground Storage Tanks (LUST) program.
The LUST program is a new RCRA provision designed specifically for the
control and prevention of leaking underground storage tanks and associated
piping. LUST bans the installation of unprotected storage tanks, initiates
a tank notification program, sets federal technical standards for all
tanks, coordinates federal and state efforts, and provides for federal
inspection and enforcement. Tanks containing hazardous waste regulated
under the RCRA hazardous waste program Subtitle C, are not covered under
LUST. Since the Underground Piping and Tank Removal project 1s regulated
by RCRA Subtitle C, in this case, the LUST program doesn't directly apply.
However, the Underground Piping and Tank Removal project closely parallels
the requirements in the LUST program, hence assuming compliance with
current federal concerns and requirements with respect to contaminated
underground storage tanks.

1.4 ALTERNATIVES:

There were several alternatives considered for this project. First,
the option of removing only those portions of abandoned process waste
piping and tanks having the highest hazard potential was considered.
However, the remaining piping and tanks would still place the Rocky Flats
Plant in noncompliance with State and EPA-CERCLA regulations. Second,
draining, flushing, and plugging the entire plant wide abandoned piping
network was considered. However, cleaning 20,000 linear feet of process
waste piping underground 1s presently not technically feasible and still
would not remove the potential migration of contaminants already outside
the pipes. An" extensive and costly monitoring system would still be
necessary to track the impacts of these hazardous materials on the
environment.

1.5 DESIGN CONCEPT:

1.5.1 Project Design Description:

Approximately 20,000 1linear feet of buried piping, six process waste
storage tanks, and associated surrounding bedding material and underlying
soils located throughout the Rocky Flats Plant Site will be excavated and
removed in the project. Six other process waste storage tanks will be
emptied, cleaned, painted and put into service as fire water storage
reservoirs. 7900 linear feet of inaccessible piping will also be addressed
in this project. Since the piping is inaccessible, (located below building
basement floor slabs), 1t will not be excavated and removed. Rather, it
will be cleaned and abandoned in place. Figures 5, 6, and 7 1llustrate the
methods to be used in accomplishing these tasks.
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The buried piping and tanks will be treated in a similar manner.
Figures 5 and 6 show, in diagrammatic form, the scope and process proposed
to accomplish the project. The appendix to this report contains drawings
which more completely describe the scope of the work. It should be noted
that the drawings show only the piping to be removed. They do not show
other existing utilities which may interfere with removal efforts.

The soil above the piping will be removed by backhoe, while the soil
around the pipe will require hand excavation. During removal of the soil,
soll and air contamination will be continuously monitored by Health, Safety
& Environment (HS&E) personnel. Testing of the soil for volatile organic
compounds (V.0.C.) and radiocactive material will be accomplished on site
using Gas Chromatography (G.C.) and portable Intrinsic Germanium
Detectors. The prinecipal hazards to human health anticipated during
removal of the pipes and tanks are inhalation of contaminated dust
particles and direct contact with contaminated soils and sludge. To
prevent airborne dust, all soil will be wetted down with water prior to and
during removal operations. Wetting of the soil will be kept to 2 minimum.
Once the exposed soil layer 1s wet, underlying material will in turn become
damp, controlling the propogation of dust from subsequent removal
operations. Minimizing the use of water will also reduce the amount of
liquid to be pumped from the excavated trench. To control direct contact
with contaminants, white suits with respirators, bootles, and gloves will
be required for all personnel involved in removal activities.

Each branch, or run of pipe between branches, buildings, valve pits,
or manholes, will be monitored using Gamma Scan equipment after the soll
above the pipe has been removed. Assuming contamination 1levels do not
warrant efforts to prevent a criticality, the pipe will be saw cut within
the trench into 3 to 6 foot sections (opening each end), then drained of
all 1liquids contained in the pipe. Dust generated during saw cut
operations will be controlled and collected at the source. The opened ends
of the pipe section will be wrapped in plastic prior to removal from the
trench. The pipe section will be monitored prior to placement in the
shipping box to document the quantity of radicactive material being
transported offsite. Excavation and removal of each run of drained and
wrapped pipe will be accomplished section by section with no more than 10
to 12 feet of trench open at any one time. This will control spreading of
contaminants in the event of a sudden thunderstorm and associated downpour.

Soil around the buried pipe will be monitored as previously discussed.
In areas where no contamination is detected, only the soil required to
remove the pipe will be excavated. However, when contamination is
detected, soil will be carefully scraped and broken-up using the backhoe
bucket. The 3s0il will be bagged 1in the trench using a shovel or other
appropriate means. Bagging the soil in the trench will further reduce the
potential for airborne contaminants. The process of monitoring and further
excavation will continue until all "hot" soil in the area has been removed.
Bagged soil will be 1lifted out of the trench and placed directly into boxes
for shipment to an approved hazardous waste repository. The contents of
each box will be monitored to document the quantity of radicactive material
being shipped. The backhoe bucket will be cleaned after each encounter
with contaminated soil.
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Any ground water encountered during excavation will be monitored
before it is pumped from the trench. Water which 1s determined to be
uncontaminated ground water will be released into existing storm drainage
systems. If the water is found to be contaminated, 1t will be pumped into
geometrically stable tanks (pencil tank) to await further analysis by
Criticality Engineering personnel. Assuming low level contamination, the
water will be transferred to the new Liquid Process Waste Treatment System
(LPWTS) for processing in accordance with established procedures. If
contamination thresholds of the LPWIS are exceeded, the water will be
cycled within the geometrically stable tank and circulated through filters
until acceptable levels have been obtained. Sludge encountered while
draining the opened pipe sections will be bagged and placed into approved
one-liter containers to be reclaimed or treated for proper disposal.
Additional backfill required to replace the soil that 1s removed and boxed
will be composed of impervious clay and obtained from areas outside of the
facility.

All boxed materials will be loaded on trucks for shipment to the
disposal site. Loads will be secured and covered to prevent spillage
during transport. Due to the volume of material to be shipped, it 1is
anticipated that the services of a contract trucking firm will be retained
for the duration of the removal effort.

Each tank designated in Figure 2 to be removed will be saw cut or
broken into small sections. All material will be boxed for shipment to an
approved hazardous waste repository. Contaminated soll adjacent to the
tank will be removed as outlined for soil around pipes.

If the soil around each tank, indicated in Figure 2 to be treated in
place, 13 found to be free of contamination, the tank will be reconditioned
for emergency fire water storage. The tank will be decontaminated by sand
blasting or high pressure scouring, then cleaned and coated with a
sealant~type paint. The protective coating will prevent fluid migration
into, or out of, the cecontaminated tank.

Figure 7 1llustrates the proposed method for cleaning approximately
7900 linear feet of 1naccessible process waste treatment piping. The
piping was historically abandoned underneath basement floor slabs 1in
buildings shown 1in Figure 2. During the installation of the new contained
and inspectable process waste piping network, the old building systems were
removed to the basement floor slab. Plugs were forced a short distance
down the pipes and the first 8 to 12 1inches of pipe was filled with
concrete. In order to gain access to flush the abandoned pipe, the
concrete plug must be removed. All personnel involved in the removal and
flushing process will be protected from exposure to contaminants by wearing
white suits with respirators, booties and gloves. Access will be
accomplished by saw cutting the area around the plugged drain, then using a
Jack hammer to remove the concrete floor slab as shown in the upper left
diagram of Figure 7. The soi1l around the drain will be hand excavated.
The plugged drain will be cut beyond the seal trap, and removed. All
removed soil, concrete and pipe will be assumed contaminated and
immediately packaged for disposal at an approved hazardous waste
repository.
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The terminal end of the pipe run, exterior of the building's
foundation, will have already been excavated and opened. A 90 degree elbow
will be attached to the open end, and directed into a catch basin. The
basin will be equipped with special filters and baffles to prevent
splashing of any flushed contaminants into the surrounding environment.
The catch basin will be sized, proportioned and handled in a manner to
assure compliance with Criticality Engineering requirements for geometric
stability. A high pressure water nozzle and hose assembly will be fed into
the upstream end of the exposed pipe to flush accumulated contaminants out
of the pilpe and into the catch basin. The nozzle/hose apparatus will be
powered by a portable high pressure compressor which can be adequately
operated by one individual. The hose will be capable of flushing 100 feet
of continuous pipe length. Lengths greater than 100 feet between access
points are not anticipated. The flushed contaminants in the catch basin
will be monitored by Criticality Engineering personnel. If the
contaminants are within acceptable 1levels, they will be pumped into a
portable storage tank and transferred to the faeility's Liquid Waste
Treatment System for disposal. If the levels are wunacceptable, the
contaminants will be pumped into geometrically safe tanks for further
analysis and determination of proper disposal. After flushing and
draining, the pipe run will be capped on both ends. The excavated area
around the removed floor drain will be backfilled with fresh material
obtained off site. Finally, the backfill area will be capped with concrete
to match the existing floor slab level.

All equipment used in the pipes or to collect material from the pipes
will be cleaned and handled in accordance with the Rocky Flats Plant
Contamination Exposure Control rules.

Concern with regard to Criticality Engineering and the use of
geometrically stable containers may be addressed during Title I and II
engineering design. The use of special equipment to monitor the 1level of
contamination within the pipes before excavation and cleaning activities
commence may show that measures to prevent the accumulation of a critiecal
mass are not needed. If this proves to be the case, significant efforts
can be eliminated 1n the handling of 1liquid waste encountered during
project. -

Incidental construction materials excavated during the removal effort
(1e: thrust blocks, valve boxes, etc.) will be monitored and removed as
necessary. Clean materials will be left in place.

During implementation of the project, as-built drawings will be
continuously updated to reflect all work that has been done to the piping
network. Noting such items as location of removed pipe, amounts removed,
contamination levels remaining in 1inaccessible pipe, and type of pipe
removed will be required as minimum documentation.

1.5.2 Energy Conservation:

An Energy Conservation Analysis is not applicable for this project
because the wuse of conventional construction equipment is required leaving
no alternatives open to energy conservation and primarily because it 13 a
demolition project which consumes no energy after 1ts completion.
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1.5.3 Environmental Considerations:

1) No measurable pollution will be created by the work on this
project. All activities will be closely monitored by the HS&E
Environmental and Radiation Monitoring and Industrial Hygiene
Personnel and all contaminated materials encountered in the work
will be removed 1n strict accordance with Rocky Flats Plant
Waste Management procedures.

2) Trench lengths will be kept to a minimum to prevent spread of

contamination due to flooding caused by sudden thunderstorms and
associated precipitation.

1.5.4 Facility and Equipment Maintainability Considerations:

Trench cuts through roads, drives, sidewalks and fences will be
designed and scheduled to permit access throughout the faecility at all
times. All cuts will be restored to their original condition immediately
after the trenches are backfilled.

Equipment required for this project will be standard items that are
common in the construction industry. Normal equipment preventative
maintenance will be provided throughout the duration of the project. No
equipment will be 1left in place at the completion of the project.
Therefore, no ongoing maintenance considerations need to be addressed.

1.5.5 Safety Considerations:

Special precaution will be required as outlined 1in existing Rocky
Flats procedures and requirements.

1) Pipe removal operations will require HS&E and Tank Survellience
Group monitoring because of the possibility of encountering
contamination.

2) All personnel working on this project, including those of the
Operating Contractor and Construction Contractor, will be fully
briefed on HS&E rules and regulations that must be followed to
accomplish this project.

3) Radiation monitors will be required on a continucus basis to
assure conformance with the Rocky Flats Plant Contamination and
Exposure Control rules and procedures, and to prescribe the
measures necessary to protect health or to maintain
contamination control.

4) Radioactively contaminated materials will be handled in striet
accordance with Rocky Flats Plant Waste Management procedures.

5) Excavation for piping and storage tank removal will comply with

the Rocky Flats Plant safety regulations and excavation permit
procedures. Shoring will be provided to protect personnel
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during operations accomplished in the trench.

6) A Safety Analysis Report (SAR) is not applicable for this
proJect since no buildings will be constructed as a part of the
work. SAR's are typlcally used to document safety features
considered in building designs.

1.5.6 Security Requirements:

The construction of this project will be performed in compliance with
the established Rocky Flats Plant security program. All <tasks to be
accomplished in security exclusion areas will require the work force to
have "Q" access authorizations. For work outside the exclusion areas,
Contractors will be required to obtain visitor badges for all employees.

When trenches cross under security fences to allow the removal of
abandoned piping, temporary fences will be installed around the trenching
area. Temporary fences will be removed when the integrity of the original
fence 13 re-established. In similar fashion when any security device is
compromised because of construction, temporary backup systems will be
implemented for the duration of that phase of the construction effort.

1.5.7 Outline Speecifications and Criteria:

The design of this project will conform to the requirements of the
Department of Energy's General Design Criteria, DOE Order 6430.1. Other
design standards (i.e., the National Electric Code, the Uniform Building
Code, etc.) will be used to augment DOE 6430 when necessary.

Basic performance requirements have been  discussed throughout
Paragraph 1.5: DESIGN CONCEPT of this report.

1.5.8 Site Development Plan Coordination:

There are no site development requirements for this project.
1.6 QUALITY ASSURANCE:

The Quality Assurance (QA) level for this project shall be level I and
level II, as defined by the Quality Assurance Plan developed by the
Operating Contractor, included 1in this report as appendix item 1.12.2:
Facility Quality Assurance Plan.

1.7 PROJECT EXECUTION:
Titles I, II, and III services will be performed by an A-E firm

working under a prime, negotiated fixed-price contract with the U. S.
Department of Energy.




Due to the anticipated duration of the project, the amount of work to
be performed 1in exclusion areas and work with contaminated substances,
construction will be performed by the onsite Cost-Plus-Fixed-Fee Contractor
under the direct inspection and health/physics monitoring of the Operating
Contractor.

Construction equipment used on the project will be acquired by the
Construction Contractor and will be turned over to the Operating Contractor
for decontamination and decommissioning at the end of the project.

Boxes used to ship removed soils, piping, and tanks will be approved
shipping containers, purchased by the Construction Contractor throughout
the performance of the work.
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1.9 COST ESTIMATE:

‘ 1.9.1 Cost Estimate Summary:
Underground Piping and Tank Removal.

Engineering, Design, and
Inspection at approximately
3.4% of Project CostS———eea—a-

Title I $ 200,000
Title II $ 500,000
Title TIT $ 100,000
| Inspection $__100,000
Project Costs
Improvements to Land-———=-- 0
Builldings 0
Special Facilities-—cewcee=- 0
Utilities 0
Project & Construction
Management $ 140,000
Project Administration--- $ 140,000
Security Escort-——eeaa—— $ 0
| Decontamination
& Decommission 26,360,000
' Demolition 7,890,000
| Excavation 5,940,000
\ Packaging and Handling-- 8,950,000
‘ Shipping and Storage---- 2,050,000
Backfill and Improvement
Repairs 1,480,000
Decontamination--—eeceee- 50,000

Standard Equipment---—-—cem-a---
Radiation Monitoring--e-eee---
Contingency Allowance

at approximately
26.5% of above coStS————cec——a

Total Project Cost

2=21

Project
Costs

$__ 900,000

$26,500,000

$ 20,000

4,700,000

8,480,000

$40,600,000




1.10 PROCUREMENT ACTION:

Major procurement items include contaminated material disposal boxes,
contaminated waste disposal transportation, and waste disposal site
facilities. The Architect/Engineer will develop waste volume calculations
coineciding with the removal schedule to enable the Construction Contractor
to arrange for acquisition of the items as they are needed. There 1is no
Government Furnished Equipment (GFE).

1.11 COST AND FUNDING PLAN:

It is anticipated that monies for Title I and II engineering will be
obligated in the FY-88 budget year. Title II design efforts will not be
complete until late in FY-89. Equipment will be specified and ordered in
the budget year, if necessary to meet contruction schedules.

Project Administration will start concurrent with Title I design.
Actual removal of contaminated piping and tanks will begin at the start of
the second quarter in fiscal year 1989, Title III A-E services and
construction inspection will be ongoing during the removal work.
Completion of as-built drawings and project close out will extend a short
time after completion of the removal work, scheduled to end in the third
quarter of 1994,

Appropriations of $1,000,000 in FY 1988 are required to initiate the
design on this project; $7,000,000 (FY 1989), 46,600,000 (FY 1990),
$6,600,000 (FY 1991), $6,600,000 (FY 1992), $6,600,000 (FY 1993) and
$6,200,000 (FY 1994). Funds for the indicated fiscal years are required
for construction, equipment, procurement and inspection activities. (refer
to Figure 8 for a cost and funding profile).
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1.12 SUPPORTING APPENDICES:

1.12.1

Drawing Lists:

The following drawings are attached:

Sheet

-

OCQWOO~NTOWWUV ImWwWNh —

Draw1ng

D-37348-CX1
D-37348-C01
D-373U48-C02
D-37348-C03
D-37348-C04
D-37348-C05
D-37348-C06
D-37348-C07
D-37348-C08
D-37348-C09

Title

Underground Piping and Tank Removal

Index and Title Sheet

Site P1
Piping
Piping
Piping
Piping
Piping
Piping
Piping
Piping
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Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial

Abandonment
Abandonment
Abandonment
Abandonment
Abandonment
Abandonment
Abandonment
Abandonment

Plan
Plan
Plan
Plan
Plan
Plan
Plan
Plan

No.
No.
No.
No.
No.
No.
No.
No.
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1.12.2 Facility Quality Assurance Plan:

PROJECT AND AUTHORIZATION NO.: Environmental Improvement Projects No.
389801

1.12.2.1 Quality Assurance Level:

(QAL or QA Level) Assignments and Specific Requirements:
The following items need to be addressed and included with each project:

1.12.2.2 QAL or QA Level Assignments:

Systems conveying/controlling/sensing radiocactive materials,
environmentally-threatening substances and other hazardous, toxie or
life-threatening substances shall be QAL I and QAL II as determined by the
Project Engineer.

1.12.2.3 Radiation Contamination and HS&E Documentation

Documentation of the existence and the degree of the encountered
contamination shall be included in the project file.

Any documentation generated as a result of instituting the necessary
HS&E procedures shall be lncluded in the project file.

1.12.2.4 Disconnects and Tie-Ins:

All service and utility disconnects and tie-ins shall be accomplished
during normal working hours to the greatest extent feasible and shall be
scheduled to minimize downtime and interruption of other facilities. It
shall be necessary that the Construction Contractor schedule his work with
the Contracting Officer (assisted by the Operating Contractor's,
Construction Management (CM) Group) prior to the beginning of demolition
and construction work.

1.12.2.5 Seismic:

New equipment shall be designed and documented for appropriate seismic
forces specified in Rocky Flats Standard SC-106 and FE Manual 014.

Pipe supports shall be designed and documented for seismic forces.

1.12.2.6 Welding:

All welding for these projects shall be performed by welders who have
been certified to the approved qualification procedures for the metals and
plastics to be welded.

Documented Welding Procedures and Welding Qualification Records shall

be submitted to the Contracting Officer for approval prior to the start of
any welding.
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1.12.2.7 Component Checkout (CC) and System Operating (SO) Tests:

A Component Checkout test checklist and test procedure shall be
prepared and 1included with the specifications. The CC tests shall be
performed by the Construction Contractor. The CC tests shall be completed
before "Beneficial Occupancy." System acceptance shall be based on SO test
procedures.

1.12.2.8 Material and Equipment Certification:

Mill test reports (MIRs) shall be required and MIR traceability is
required on pipe fittings, valves and similar pressure-contalining material.
Traceability shall be 100 percent on all QAL I and QAL II components and
material.

Certification documentation from the manufacturer showing that
purchsed equipment meets the specification requirements shall be supplied
to the Operating Contractor prior to final acceptance.

1.12.2.9 Receiving Inspection and Procurement:

A receiving inspection shall be required for all Government Furnished
Equipment (GFE) and Contractor Furnished Equipment (CFE). This inspection
shall comply with the requirements of the Receiving Inspection Procedure
contained in the Quality Program Procedure Manual, Procedure Q1407.
Suitable inspection checklists shall be available for use as part of the
receiving inspection/procurement process on both GFE and CFE. Proper
sign-offs by the responsible personnel shall be affixed and the inspection
reports then filed 1n the project file. The specifications shall address
receiving inspection.

Proper documentation shall be provided on the inspection of
certifications, mill or material test reports, etec., during the receiving
inspection. Heat numbers shall be verified as well as any other material
1dentification documents.

1.12.2.10 Inspection and Coordination:

Construction coordination and inspection by CM shall be required on
these projects, and shall comply with the requirements set forth in Section
V of Procedures - Facilities Engineering. The specficiation shall address
this activity.

1.12.2.11 Configuration Control:

Some systems indicated herein should be under configuration control
after final occupancy has been established.
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1.12.2.12 Project Status Reviews:

Review meeting notes shall be written and distributed to those
involved. Such notes shall be used for documentation of important matters
and decisions. This form of communication and information 1s considered
vital to control the design, quality and safety aspects. This 1is
considered good quality assurance. All meetings should be documented.

1.12.2.13 Flow Diagramming for Quality:

A critical path flow diagram indicating procurement, receiving
inspection, certification review, warehousing and other vital
processes/procedures to prove reliability claims and control of quality is
recommended.

1.12.2.14 NDT and Pressure Tests:

Piping shall be hydrotested per SP-201 which should 1include utility,
process and similar systems.

Pipe welds shall be NDT tested for discontinuities with 1liquid
penetrant inspection (PT) to prove weld quality unless radiographed for
QALs I and II.
1.12.2.15 As-Builts:

After job completion, drawings shall be updated to "AS-BUILT"
conditions and should be maintained for the life of the systems/facilities.

1.12.2.16 Miscellaneous:

"Letters of Compliance" or "Certification of Compliance" should not be
considered an alternate for mill or material test reports where applicable.

Defined life on Instrument controls and major equipment items should
be included.

Overall, the Facilities Quality Assurance Program Manual applies.
Pumps shall have defined design life with pump curve certification.
The information contained herein contains the quality  assurance

requirements for the projects. These requirements should be considered as
a minimum. Upgrading of these requirements may be directed at any time.
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‘1 .12.3 Cost Breakdown: Underground Piping and Tank Removal

Break Unit Item Total
Down Cost Cost Cost a/ b/
Line Item Costs (x 1,000) (x 1,000) (x 1,000) (x 1,000)
a. Englneering, Design, and a\
Inspection at approximately
3.4% of Project Costs, Item b. $ 900
b. Project Costs 26,500
(1) Improvements to Land $ 0
(2) Buildings 0
(3) Special Facilities 0
(4) Utilities 0
(5) Project and Construction
Management 140
Project Administration $ 140

. Security Escort 0

(6) Decontamination and

Decommission 26,360
Demolition - Pipe 7,890
Removal

Material $ 0
Labor 5,460
Equipment 10
Escalation 2,420
Excavation 5,940
Material 0
Labor 4,090
Equipment 30
Escalation 1,820
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Break Unit Item Total

Down Cost Cost Cost a/ b/
Line Item Costs (x 1,000) (x 1,000) (x 1,000) (x 1,000)
‘ Packaging and Handling $ 8,950
Material $ 5,400
Labor 810
Equipment 0
Escalation 2,740
Shipping and Storage 2,050
Material 10
Labor 10
Equipment 1,400
Escalation 630
Backfill and Improve-
ment Repairs 1,480
Material 970
Labor 20
Equipment 30
Escalation 460
Decontamination -
Equipment 50
‘ Material 0
Labor 30
Equipment 0
Escalation 20
¢. Standard Equipment $ 20
d. Radiation Monitoring 4,700
Subtotal $32,120
e. Contingency Allowance at
approximately 26.5% of above 8,480
Total Project Cost b/ $40,600

a/ Estimate based on 100% complete conceptual design.

b/ Costs were escalated using the "Anticipated Economic Escalation Rates for DOE
Construction Projects" developed by the independent cost estimating staff.
Engineering and design costs were escalated to the midpoint of Title I/II design.

Equipment costs were escalated to the order date. Construction costs were escalated
to the midpoint of construction.
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INTRODUCTION

Recent changes of philosophy on the subject of envi-
ronmental control at the Rocky Flats plant have led to
changes 1n the handling of process waste. In the past,
leak detection 1n pipelines has been extremely diffi-
cult or 1naccurate, delaying necessary repairs In
conjunction with the construction of a new aqueous
waste treatment plant (Building 374), a new process
waste 1ine has been 1nstalled which 1s doubly-con-
tained, providing a secondary barrier to contain leaks
This new system 1s also completely i1nspectable

Rather than simply abandoning the old lines, 1t becomes
necessary to concern ourselves with the condition of
the original process waste collection system. These
1ines are not only uninspectable, but have been 1n
heavy use, 1n part, for 25 years and have required
numerous repairs and modifications in that time. It 1s
possible that some portions of these lines may present
a residual hazard after being placed 1n 1dle status.
Varying conditions may require more extensive actions
than simply flushing and sealing the lines In the
extreme, f1lling or complete removal may be necessary

In response to a request made by J. A Watt, ERDA-RFAOQ,
in the fall of 1975, an outline was tnitiated by

B L Kelchner of Waste Processing to define the data
needed to analyze the problem.

The following engineering study 1s a collection of
information concerning the existing process waste
collection system which will be removed from service
and ultimately abandoned when the new waste treatment

facility 1s operative In order to assist 1n making a

I-1




Judgement concerning the disposition of these l1ines,
data has been tabulated that includes: 1line sizes,
location, age, materials of construction, operating
data, and unusual operating i1ncidents. 710 suppiement
the criteria concerning possible environmental hazards,
so1l ssamples were taken and analyzed 1n areas of known
leaks and repairs. The final step 1n the study was a
library search for new developments 1n the area of pipe
cleaning. This study i1ncludes lines buried 1n the
field and waste collection tanks, both i1nside and out
of the buildings.




IT.

SUMMARY

The purpose of this study was to gather pertinent data
for use by qualified consultants rather than to state
conclusively the final disposition of these lines
However, a few general observations are the natural
consequence of any exposure to anaiytical data As the
study progressed, some conclusions became obvious which
might be helpful 1n minimizing the complexity of the

problem.

One major factor 1n considering abandonment of any of
the lines 1s that several times in the past, leaks have
been caused by equipment accidentally breaking i1nto a
Tine. It 1s likely that, once the lines are no longer
1n use, consciousness of their existence will become
increasingly obscure. Fi1lling of these abandoned lines
with some i1nert material would confine contaminants 1f
future construction activities should damage the 1lines.

One example where removal would be both practical and
desirable 1s the old saran-lined pipe than runs between
881 and 707 The line was i1nstalled 1n 1952 and has
had heavy usage and numerous repairs since that time
Since the line 1s doubly-contained, removal of the

3" 1nner saran-lined steel pipe could be accomplished
without excavation by pulling the line through the

10" vatrified clay pipe casing Waste treatment person-
nel, under the direction of M, E Maas have already
successfully removed 120' of the line 1n this manner
Because the Tine was, at that time, the only means of
transferring process waste from the south side of the
plant to 774, no attempt was made to remove the longer
pieces of line. Since the line was abandoned in 1975,
this method would be an economical, expedient way to

eliminate one area of concern
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An area where a strong argument could be made for
abandonment 1n-place 1s the line running east-west
between 444 and 883. Although the line 1s old and pipe
material 1s cast iron, 1t has carried only very small
amounts of depieted uranium and nitrates. A soil
sample at the location of the only known break i1n the
line was found to contain 62 ppm NO3 Plutonium 239 1s
near background level at this same location.

Soi1l samples were obtained from areas known to be contam-
inated as a result of leaks. The so1l sample results
1nd1caté that pipeline removal would not require removal
of surrounding so1l1. Assuming that these so1l sample
results are typical, they do not by themselves constitute
a basis for removal of the lines. It should be noted
that the samples taken from the 700 Area (samples 4-9)
are above plutonium background level which is approxi-
mately 0.03 d/m/g. The two taken in the south part of
the plant (samples 1-2) are closer to background. An
expanded so1l sampling program would define the boun-
daries within which contamination levels are higher

than normal.*

Although there are no established levels for nitrates
1n so1l, the sample results are not high They do
verify that there has been leakage *

*Evaluation of the so1l sample analysis was maage with the
help and direction of Merlyn R Boss and Daryl D Hornbacher
of Health and Environmental Science
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Disposition of 1ines 1n the 700 Area will require
careful consideration. Decisions should be made on a
case by case basis. After the process waste lines are
no longer 1n use, samples taken from the i1nside of the
Tines would be very helpful 1n gauging any residual
hazards. The description of these lines contained 1n
the process waste lines section of this report and the
process waste summary should be helpful 1n determining
the condition of these lines.
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ITI.

PROCESS WASTE STREAMS

These streams originate from production and research
activities and laboratory, laundry, decontamination,
and janitorial operations. Aqueous chemical and radio-
active waste are generated 1n Buildings 123, 444, 707,
7711, 776, 779, 865, 881, 883, and 889. Each tank of
waste 1s sampled before shipment and, depending on the
level of radioactivity and chemical composition, can be
routed to Building 774 for treatment, Pond B-2 on South
Walnut Creek, or the solar evaporation ponds, Ffacility 207
Average volume and level of contamination have varied
over the years as various buirlding operations have been
changed. Usage, i1n general, has been high and both
lines and tanks normally contain liquids. Monthly
averages covering all years the plant has been 1n
operation are listed in Appendix 2 for each building.
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Iv.

PROCESS WASTE HOLDING TANKS

To be consistent with the current philosophy on environ-
mental protectror at the Rocky Flats plant, process

waste holding tanks must be made double-contained and
inspectable Some have already been modified by placing
a new tank 1nside the old one Others are under authori-
zation as part of construction projects to be made

doubly contained

In 1971, several sample wells were driiled around the

bari1ed tanks so that they could be regularly monitored

for releases to the environment. Twice a year, liquid

samples are taken from the sample wells and they are 1
analyzed for plutonium, americium, uranium, and nitrates

by the Health and Environmental Science Laboratories.

In assessing any potential environmental hazard, Appendix 2
will be helpful The highest level of contamination

and usage history of each building's process waste 1s
listed. This 1s, of course, the same waste that has

been carried by the process waste lines Tank material,
capacity and age are tabulated in the table i1ncluded 1n
this section of the study
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PONDS

Low-level waste from the buildings and filtrate from
the Building 774 second stage operations are sent
either to the solar evaporation ponds, 207-A, B, C or
discharged off-site to Pond B-2 on South Walnut Creek.

In the Process Waste Summary, Appendix 2, 207-A, B are
referred to as 2-A and 2-B, respectively These were
the original terms used to 1dentify these ponds

Of the ponds on South Walnut Creek, only one 1s used
for process waste. It was previously the Building 995
Pond (later called Pond 3). It 1s now Pond B-2.

Dimensions (ft) Capacity (gal)

Solar Evaporation Ponds

207-A 521 x 250 Operational - 5,112,000
Overflow - 6,155,000

207-C 248 x 168 Operational - 1,286,000
Overflow - 1,673,000

207 B-1 *250 x 181 Operational - 1,583,000
Overfiow - 2,188,000

B-2 *250 x 181 Operational - 1,705,000
Overflow - 2,310,000

B-3 *250 x 181 Operational - 1,710,000
Overflow - 2,315,000

*Depths vary

S Walnut Creek Ponds Type of Waste Capacity (qal)

B-2 Laundry Waste 19 x 106
B-1 Sanitary Waste 08 «x 106
B-3 Sanitary Waste 09 x 106
8-4 Sanitary Waste 06 x 106
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PROCESS WASTE LINES

The process waste lines presently 1n use vary greatly
1n age, material and usage history Consequently, any
decision concerning their ultimate disposal will vary

from line to line.

In general, the system 1s gravity-flow and vented so
the lines have not been subject to any pressure The
line coming from Bui1lding 444 to Building 883 1s pumped
but 1s essentially at atmospheric pressure due to 1ts
large 4“.dlameter and the low volume of waste carried
from this area. The line coming from 881 north to 883
1s also pumped but pressure should not exceed about

10 pso.

The only thermally hot waste coming through the 11ines
has been steam condensate from Building 881 Although
the temperature should not have affected the saran-
1Tined steel used 1n this line, the steam condensate 15
believed to be the probable cause of numerous leaks at
the 45° elbows of the lines.
1n the flanges which allowed acids 1n the waste to
corrode the outer mild steel (For more 1nformation,

see Appendix 1-A 2,)

The following table 1s a collection of data concerning
the process waste lines which will be superseded by the
new, double-contained system. Line sizes, length, age,
and materials of construction have been tabulated The
operating data and leak 1nformation are contained 1n
the appendices The last column of the table refers to
the appendix which contains 1nformation pertinent to

each Tine

VI-1
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VT1. APPENDICES

Appendix 1-A and 1-B describe leaks and repairs 1-A
1s crossreferenced to Drawing 15507-4 1n Appendix 4

1-B 1s crossreferenced to Drawing 15507-5 1n Appendix 4
Appendix 2 1s a summary of the wastes carried by the
lines over the years. Appendix 3 contains the results
of eight so1l samples taken 1n areas of possible contami-
nation from leaks. These areas are also marked on the
drawings 1n Appendix 4. The first columns of the
Process Waste Lines Table locate the prece of line
being described. Reference points and coordinates
refer to the drawings 1n Appendix 4
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APPENDIX 1-A - LEAKS AND REPAIRS
(Notes on Drawing 15507-4)

The 1ine between the 884 valve pit and the valve pit

east of Building 557 (gquard station) was found to have

a leak rate of 2.7 gal/hr at 20 psig (65 gal/day) 1n May
1971 by International Leak Detection Services 1n Houston,
Texas. This line (E20560 from N36232 to N36910) 1s 3"
mi1ld steel lined with saran and encased 1n a 10" vitri-
fied clay pipe. The line was i1nstalled in 1952 and
abandoned in 1975. The remaining piece of line (going
from the valve pi1t of N36910 to the valve pi1t east of
Building 557) 1s 3" stainless steel and was placed 1n

1968 The first 120' north of the 884 valve pit was
repaired as follows: the 10" VCP containment was kept

in place but the 1nner 3" saran-lined pipe was replaced
with a 3" ribbed hose. Just north of Central Avenue

(even with the concrete anchor for the power pole) a

new double-contained line (3" ribbed hose in 4" FG-
reinforced epoxy) jogs to the west of the old line

about 4 ft. and continues north, parallel to the abandoned
3" saran-lined pipe and 10" VCP containment A so1l
sample and clay tile pipe sample taken 1n May 1972

(Report PRD 950463-107) of the abandoned 1ine showed no
measurable amount of contamination and a visual 1nspec- ‘
tion showed only surface rust Some bolts at the

flanges were tested and found to be 1n good condition.

A so1l samplie was taken for this study at the 884 valve
pit (see gggendlx 3 for a sketch) Analysis results l

- 0.049 d/m/g and NO, - 110 ppm

showed Pu 3

There 1s an abandoned line from the valve pi1t at N36910
£20560 (West of 707) running at a diagonal to the
northeast and ending at N37370 E20990 The l1ine 15

3" saran-lined steel 1n 10" vitrified clay containment

1-A-1



A large portion of 1t lies under Building 707 which was
built after the line was abandoned in 1968. Substantial
lTeaks occurred at the elbow connections during 1ts use

due to expansion from steam condensate from Building 881.
Leaks of acidic process waste resulted i1n corrosion of

the outside mild steel. The abandoned line continues
north from the joint at N37370 E20990 and 1s buried
beneath Building 777. It s probable that portions of

all this line were removed as excavation for 707 and

777 made necessary. One bad leak occurred 1n December
of.1958 when the south 45° elbow broke and process

waste followed the containment pipe to the north 45° elbow
and leaked into a ditch. From Building 881, 2,700 gallons
of lab waste (radioactivity .51 ppm enriched uranium,

pH 5.6, NO3 120 ppm) and 2,700 gallons of laundry waste
(radiocactivity .51 ppm enriched uranium, pH 9.4) was

sent and 1,350 gallons were received 1n 774, The elbow
was repaired and the line remained 1n use for another

10 years A so1l sample taken for this study at the

valve pit west of 707 (see Appendix 3, so1l sample #4)

239 _ 4.145 d/m/q and NO, - 54 ppm.

showed Pu 3

The east-west line running at N36030 and connecting
Buildings 122, 123, and 444 to a junction with the
north-south line west of Building 883 1s the original
4" cast 1ron pipe with bell-and-spigot construction and
1s about 23 years old. Significant leaks were found 1n
the joints by International Leak Detection Service 1in
1971 Leak rate was determined to be 2 5 gal/hr at

37 psag The 1ine 1tself seemed to be i1ntact and the
Joints were repacked to stop further leakage The line
was tested under pressure greater than that normally
found under ordinary working conditions Report

PRD 950463-107, May 1972 by Hornbacher and Lott describes
the problem and repair 1n detanl

1-A-2
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A break 1n the line close to the driveway of Building 663
occurred around 1960 to 1962. The line chipped as

trucks backed over the shallow cover and the leak was
detected as water bubbled to the grouna surface. A

small portion of the lTine was replaced and no subsequent
leaks were reported.

A piece of Tine right under the outside perimeter road
(this line goes off-site to Pond B-2) was broken by a
cable-laying operation and recovered. The leak was
detected by excess water 1n the culvert and subsequently
reba1red by replacing a pilece of the Tine.

1-A-3




APPENDIX 1-8B - LEAKS AND REPAIRS
(Notes on Drawing 15507-5)

The two parallel lines running between 774 and the
valve pit north of tank 207 were found to be leaking
badly 1n the old cast 1ron sections The 3" Tine had a
leak rate of 14 gal/hr at 20 psig. The parailel 4"
line had a leak rate of 45 gal/hr Both were replaced
1n April 1972. So1l sample #8 taken east of the valve
p1t north of tank 207 showed Pu’3% - 1.83 d/m/g, NO, -
76 ppm.

The valves on the north of 777 (N37715 E21055) were
found to be leaking 1n 1971 at a rate of 25 gal/hr at
20 psig. A valve pi1t was constructed 1n May 1974.

So1l sample #6 showed Pu239 - 0.05 d/m/g, NO, - 105 ppm.

3
North of the new waste packaging facility joining 771
and 774, a leak rate of 15 gal/hr at 20 psig at the
Junction of a 6" cast 1ron with a 3" steel line was
found 1n 1971 by International Leak Detection Services
The 3" steel has since been replaced with a 3" stainless
steel l1ine when the waste packaging facility was added
1n 1972. So1l sample #9 was analyzed to contain Pu239 -

3.385 d/m/g and NO, - 44 ppm

3
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APPENDIX 2 - PROCESS WASTE SUMMARY

These data were taken from the records of shipments to
and from Building 774 kept by M. E. Maas, Waste Treat-
ment Supervisor. The records were summarized to find
the highest concentrations of radiocactivity and chemical
contamination that have been present i1n the process
waste lines and tanks. Because of the huge amount of
data and time limitations, approximately one-fourth of
the data was selected to be tabulated. In most cases,
there was little vartation 1n monthly volumes and three
months were picked at random (usually January, May, and
October). When a marked change was noticed 1n usage,
the month with the highest total volume was used. At
times, 1t was possible to scan the entire year and
total the volume. Those places have been marked as
yearly totals.

Units and notation are the same as 1n the original
records. The notes which clarify which substances are
referred to 1n the activity column were given by Bob Car-
penter, Assistant Manager of General Labs




APPENDIX 2 - PROCESS WASTE SUMMARY

Buildings - Waste 1nto 2nd Stage of 774

441
883
881

444
559
889
122
123
886
776
7171
707-779

Treated Waste from 774 to Ponds

Raw Waste to Ponds

©
=Y}
1

N N NN NN DN N NN DN
L]
00 OO N N N N NNy W W W

2-9
2-11

o
i
H
-

~N
i
(o)}

Building 771 - Waste 1nto 1st Stage of 774 - see Footnote - Page 2-7
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APPENDIX 3 - SOIL SAMPLES

Nine locations were chosen for soil sampling 1n areas
where repairs or leaks have occurred. All samples were
taken from the bit of an auger after drilling to about
4' deep. Soi1l sample pits were located as close as
possible to the area of concern and generally on the
northeast side. Exact distances are noted on the
sketches contained 1n this appendix.

So1l sample analyses were conducted by the Health and
Environmental Science Labs, under the direction of

Weldon Williams.

So1l sample analysis results:

Sample No. MO, (ppm) py23? (d/m/g)
i 62 0.037
2 110 0.049
4 54 0.145
5 148 0.485
6 104 0.05
7 70 0.185
8 76 1 83
9 44 3.385
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APPENDIX 5 - LIBRARY SEARCH
PIPE CLEANING METHODS

A survey of the technical periodical i1ndexes was con-
ducted to search out new developments 1n the areas of
pipe cleaning, plugging, and removal Cross references

were used 1n the area of nuclear wastes as well as

general pipe 1istings.

Although there are now a number of i1nstallations 1n

this country which handie nuclear materials, not many
héve been 1n service as long as the Rocky Flats Plant.
Understandably, there has been Tittle written on the
problem of abandoning pipelines which have the potential
of containing nuclear residue. Some 1nformation was
found which could be helpful 1n cleaning the lines but
nothing on pipe plugging or removal.

One very specific procedure was recommended by Dr. J A Ayres
of Battelle Northwest (1)

1. Use a solution of 18% potassium hydroxide and 3%
potassium permanganate for three hours at 105° C

(221° F)

2. Rinse throughly

3. Use 10% sulfamic acid for three hours at 70° C
(158° F)

4 Rinse throughly

5-8 Repeat steps 1-4

Dr. Ayres has used this method to clean pipes that have
carried nuclear materials Although the temperatures

seem unrealistic for cleaning pipes several hundred

(1) How to Employ Chemical Cleaning for Power and Pro-
cess Piping, C M Loucks, Heating, Piping and Air
conditioning, June 1965




feet long, the solutions could still be an 1mprovement
over those used for cleaning pipes with more typical

waste products.

There 1s ample i1nformation suggesting that sulfamic

acid 1s better than hydrochloric. Specifically (2)

A. Inhibited sulfamic acid vs. hydrochloric acid
1. sulfamic 1s safer to use, a more effective
descaler and poses no corrosion problems
2. the solution strength and temperature are not
critical, even 1f an error 1s made, there 1s
no danger of damage to equipment

B. Basic rules for using sulfamic acaid
1. keep 1t hot - the best temperature 1s about
160° F

2. keep 1t strong - 40 1b dry acid descaler/50 gal-
lons of water. Too much acid 1s uneconomical,
too much water 1s not strong enough

3. keep 1t moving - to keep fresh, strong ac1d
against the pipe walls

Other periodicals which might be helpful are

Applying Chemical Cleaning Solvents, C. M Loucks,
Heating-Piping, September 1964.

Steps for Chemical Cleaning of Piping Systems, C. M Loucks,
Heating-Piping, May 1964

How to Choose An Acidic Cleaner, J. D. Palmer, Can
Chem. Process., January 1970

(2) It's Cheaper to Clean 1t In-Place, C T Gallinger,
Mi11l & Factory, May 1965
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REFERENCE DRAWINGS

The following drawings for location and dating of the pro-
cess waste collection system are availlable in the Facilities
Engineering and Construction Department.

Original Process Waste Lines*
15501-(Util11ty Drawings)
"13902
25609-X08
SK:410204-(1-5)

New Process Waste Lines
25052-047

Process Waste Collection Tanks
19878-1
19878-2

* The drawings contained 1n this study of the process
waste lines have been throughly checked and altered for
accuracy. Most of the changes 1incorporated i1n the
drawings are from information obtained from M E. Maas
of Waste Treatment. The numerous sketches of changes
and repairs 1n the lines kept by Mr. Maas and his
excellent memory were a most important resource 1n
locating Tines. Field checks were made whenever pos-
sible such as at entry points to buildings, valve pits,

etc.
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INTRODUCTION

This report summarizes an environmental i1ncident investigation of a
radioactive liquid process wasteline leak that occurred on July 21, 1980
It includes a description of the incident, subsequent cleanup activities

and costs, and future plans for the process waste line
INCIDENT SUMMARY

Ouring the morning of July 21, 1980 two painters were walking along the

road southeast of Building 774 They observed water seeping up 1n the soil
on the south side of the road They 1mmediately returned to Building 774
and 1nformed Waste Processing personnel of the possible leak  The 3 inch
line carrying process waste from Building 774 to the solar evaporation ponds
was 1mmediately shut off. The leak was then observed to have stopped

Figure 1 shows the location of the leak From this point, the leaking process
waste water flowed down glope through a 30 foot culvert, along the east chain
Tink fence and under the fence at the corner  From there, the liquid flowed

under the unpaved access road 1nto a boggy area north of Building 774  These

areas are shown 1n Figures 2 and 3

Based on the pumping time and flow rate, the volume of process wvis:e liquid
that leaked onto the hillside was estimated to be about 1000 gallons  Samples
of the Ti1quid were collected by personnel from the Environmental Analysis
Group and subsequent analysis showed the presence of about 2500 pCi/1 total
alpha, 4000 pCi/1 gross beta, 10,000 mg/1 nitrate and a pH of 12

As soon as the so1l dried out, FIDLER measurements verified the presence of
alpha contamination The FIDLER survey also verified the direction of flow
and that the flow did not go beyond the boggy area 1nto North Walnut Creek
If the leaking li1quid had reached North Walnut Creek, 1t would have been
contained 1n Pond A-3 or Pond A-1 as the A-1 bypass system was activated to
divert flow 1nto Pond A-1 soon after the leak was discovered
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CLEANUP ACTIVITIES

On July 24, 1980 the broken line was excavated and the source of the
leak was found to be a loose flange A new gasket was installed, the
flange nuts were tightened and the line passed a leak test

A so1l decontamination planning meeting also was held on July 24, 1980.
Those 1n attendance were C J Barker and R W Hawes, Environmental
Analysis, W F Bates, Waste Management, E. Klanecky, Operational Safety,
and G. Webber, Radiration Monitoring

So11 excavation with a tractor mounted backhoe began on the morning of

July 28, 1980 Radiation monitors checked the so1l as 1t was excavated
Portable air samples were used to check the air activity in the vicinity of
the excavation and at the receiving container (box) as 1t was being filled.
The air concentrations of total long-lived alpha activity were <0 001 pC1/m3
in the general area and 0.108 pCi/m3 near the box The total long-lived
alpha concentration 1n the'general area was below the shutdown action level
of <0.06 pC1/m3

CLEANUP COSTS

The estimated costs of the sp111 cleanup, as provided by Waste Management, are

as follows
Boxes $3,600
Transportation 2,644
Labor 7,600

Total $13,844

ENVIRONMENTAL IMPACT

A review of the data from permanent ambient air samplers that are located 1n
the general vicinity of the sp11l was conducted The total long-lived alpha
concentrations measured from samples collected during the s2i11 and subsequent

cleanup period ¢'1 sere normal
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UNUSUAL OCCURRENCE REPORT
. ROCKWELL INTERNATIONAL
ROCKY FLATS PLANT

VALVE VAULT =7 OVERFLOW - APRIL 4, 1983

1 UOR Number  RFP 83-2--Sage 83-1

2. Status and Date Initial 5-5-83
Interim 5-5-83
Final

3 Division or Project

Rocky Flats Plant, Energy Systems Group

4 Facility, System or Equipment

Process waste collection transfer system, Valve Vault #7, transporting
aqueous process waste from Buildings 881, 889 and 865 to Building 374
(see Figure 1, diagram of system).

. 5. Date of Occurrence

Apral 4, 1983

6 Time of Occurrence

Overflow from Valve Vault #7 was first observed at approximately 0950.
A chronological sequence of events 1s provided in Attachment 1.

7 Subject of Occurrence

Process waste water overflowing around manhole cover at Valve Vault #7

8. Apparent Cause

Wastes were being 1nadvertently pumped 1nto Valve Vault #7 through
etther a break i1n the transfer line or a malfunctioning check valve

. 1n the sump pump line

Alarm system indicating problem in Valve Vault #7 assumed to be 1noperative

“REVIEWED FOR CLASSIFICATION
By / :6/1""(“‘ - -

Date_ ST/ &3 o




10.

11

Description of Occurrence

A check valve located in Valve Vault #7 (see Figure 2) malfunctioned
allowing process waste water, being pumped out of upstream holding
tanks, to backflow through the check valve and sump pump line 1nto
the vault. The vault filled with waste water and overflowed The
overflow drained into an adjacent ditch and traveled in an easterly
direction toward South Walnut Creek and the "B Series" ponds (see
Figure 3) Photographs of the vault and faulty check valve are con-
tained 1n Attachment 2

Operating Conditions of Facility at the Time of Occurrence

Operating conditions of the facility at the time of the occurrence

were abnormal. The alarm (designed to indicate the presence of water

1n the vault) had malfunctioned on March 10, 1983. An 1inspection of

the vault revealed the presence of moisture, but no accumulation of
water. From past experience, 1t was surmised that ground water moisture
had caused an electrical short. A work order was submitted to repair the
system on March 11, 1983 (Attachment 3) Normal waste transfer through
Valve Vault #7 was allowed to continue to avoid shut down of opera-

tions in buildings upstream from the vault.

Immediate Evaluation

The sequence of events provided 1n Attachment 1 1ndicate that several
factors contributed to the overflow occurrence. The contributory factors

are sited below

On March 10, 1983, the alarm system 1n Valve Vault 7 mal-
functioned

On March 11, 1983, a work order was submitted to repair the
alarm. The repair had not been 1nitiated at the time of

the occurrence
On March 28, 1983, alarms 1n Valve Vaults #1, 3, 4, 5 and 6 acti-

vated They were 1nspected, and no evidence of water buildup
was found Valve Vault (VV) #7 was not 1nspected for two

reasons

-2-




12

1) Access to the vault cannot be accomplished until
Security opens the gate No one from Security was
available to open the gate when two requests for access
were made  No further attempts were made to gain
access to VV 57 for a visual 1inspection [n retro-
spect, operating personnel surmise that the check valve
had actually failed before March 28, and VV #7 was
partially filled with water before the overflow was
observed on April 4

2) The previous inspection indicated a faulty alarm
rather than water 1n the vault False alarms occur
and are a continuing problem because of 1intrusion
of ground water through leaky conduits.

. On April 4, transfer of waste water through the system was
1ni1tiated The water entered the vault through the broken
check ,valve, filled the vault and overflowed to the adjacent
environment.

The occurrence caused a temporary suspension of aqueous waste transfer
through VV #7  However, the cause of the occurrence was established
and remedied before operations in the upstream facilities (Buildings
881, 889 and 865) were affected. Transfer through the system was per-
mitted before electrical repairs were completed, provided an operator
remained at the pit to provide visual inspection for leaks during

the transfer. Environmental samples have been taken for analysis.
Evaluation of the results 1s complete.

Immediate Action Taken and Results

The following actions were taken

The transfer of liquid waste from holding tanks at
Building 881 was discontinued after personnel verified
that waste water was flowing out of VV #7




Temporary dikes were constructed to contain the overfiow
Drainage from the area was diverted from Pond B-4 to
B-1, and samples were taken for analysis from the vault

and from areas of environmental concern

Water was pumped out of VV #7 and out of the containment
dikes into a tanker truck for transfer to Waste Processing

. After emptying, the vault was cleaned and 1inspected.

Inspection 1dentified a faulty check valve as the primary

cause of the occurrence

The check valve was repaired, and the system was leak-checked
by pumping waste through the system. No leaks occurred.

The sump pump was replaced, and repair of the electrical
system was i1nitiated. Repairs were completed on April 12,
1983.

Arrangements were made to transfer waste through the system
using an operator stationed at thé*’pit to check for leaks
Constant visual check during transfer was required until the
electrical repairs were completed and the system fully opera-
tional.

A new type of check valve has been ordered for all the
valve vaults 1n the transfer system When the new check
valves arrive, all check valves 1n this transfer system
will be replaced

See #15

Is Further Evaluation Required? Yes‘ x| No

—

—

The primary cause of the occurrence was corrected by replacing the
check valve and making electrical repairs Future problems may be

alleviated by installing a better quality check valve  However,




the secondary causes of this occurrence w111 still exist. Specifi-
. cally, the unresolved problems are

False alarms occur regularly due to humdity from ground
water intrusion through leaky conduits. Human nature tends

to 1gnore alarms that often “cry wolf" when no wolf 1s there

Repair of a faulty alarm should be given high priority. The
work order specified that the "date needed" was the same date
that the order was submitted Three weeks later, the work had
st111 not been 1nitiated The system does not appear to be

functioning as intended
The location of VV #7, beneath the security fence, requires

coordination with Security to gain access to the vault. The
individual with the key may not be available when entry 1s needed.

These problems should be addressed by management to avoid a similar
‘ occurrence 1n the future (E. R Young, W D. Crossland, E. Vejvoda 7-5-83)

14. Final Evaluation and Lessons Learned

This section wi1ll be completed in the final report.




regarding the nature of the vault and whom to notify in the event
of an emergency had been posted at the vault, the response time
would have been reduced. It 1s recommended that the following

information be posted at each vault (E. Vejvoda)

Valve vault number and type
(1 e., VV 47, Process Waste Line)

Responsible Organization
Emergency telephone number

Additional recommendations not directly associated with the

occurrence (R. E. Yoder)

The presence of 011 1n the overflow was visually
detected. Disposal of 011 to the process drain 1s
-prohibited since 1t interferes with the waste treat-
ment process. Generators should be reminded that
compliance with HS&E 21 01, sections 3.3 and 4 are

mandatory.

New construction on the plant site has occurred The current
map of the storm sewer system should be reviewed and updated

as deemed necessary.

Environmental Impact Evaluation - The environmental impact was
negligible In addition to the 1mmediate actions cited 1n Section
12, Environmental Control retained snow melt water 1n the ditch for

several days and later transferred this water to process waste
storage. Gravel from the ditch was excavated and removed to a
special storage area for drying. This material will be analyzed
for nitrates, 011 and radioactivity before final disposition

Final analyses of water samples from Pond B-1 and Pond B-4 one week
after the 1ndicent 1ndicated no abnormal concentration of o1l,

nitrate, pH or radiocactivity
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17.

Evaluation of Data for Pond B-5 - The only pond that will be \

discharged to off site waters indicated the absence of any material

from the leak Furthermore, the viater meets the NDUE and CDH
Radiation Guides for discharge to uncontrolled areas

Programmatic Impact

None

Impact Codes and Standards

None




18 Simlar Unusual Occurrence Report Numbers

None
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ATTACHMENT NO 1

SEQUENCE OF EVENTS
LEADING UP TO OCCURRENCE

March 10, 1983 Alarm 1n Vailve Vault (VV) =7 activated An inspection

of the vault revealed the presence of moisture but no
accumulation of water. The alarm remained 1n the
activated state even though no water was present

(could not reset alarm)

A work order was submitted to repair the system. Transfer
through VV #7 was allowed to continue to avoid shutdown

March 11, 1983

of operations 1n buildings upstream of the vault.

Alarms 1n VW's 1, 3, 4, 5 and 6 activated. VV #7 was
st111 1n the activated alarm state since the March 10
occurrence. The alarm in VV #2 did not activate.

March 28, 1983

March 29, 1983 W's 1, 2, 3, 4, 5 and 6 were 1nspected. Moisture was

(Midnight Shift) present, but no accumulation of water All alarms were
reset to the nonactivated state. VV #7 could not be
inspected because 1t was under the security fence.

April 2, 1983 - A second attempt to gain access to VV #7 was unsuccessful.

SEQUENCE OF EVENTS DURING AND AFTER DISCOVERY OF OCCURRENCE - as obtained

through 1nverviews with the following individuals

J Suthern - S&W

J. D Tadolin: - Plant Protection

L. P Ferris, III - Shift Superintendent

J. L DiRocchi - Liquid Waste Operations

J D Morrison - Liquid Waste Operations
. A1l times listed are approximate

8 30 J. D Morrison began pumping operations to transfer liquid waste
from Bui1lding 881 to Building 374 At approximately the same time,




09 57

10 00

10.05

10:10

10.30

10 50

10 55

J. Suthern, S&8W, drove his snow plow 1nto the Building 776 area
to clear snow After completing the snow removal assignment,
Ir Suthern drove onto Sage Avenue While driving on Sage, he
noticed a rising stream of water from VV #7 He proceeded to
Portal #} Guard Shack to report the sighting to the guard on

duty.

The guard on duty, Patrolman Paul Beights, radioed Captain
Tadolini.

Captain Tadolin1 called Dispatch to notify Utilities.

The Shift Superintendent heard radio transmissions concerning
the 1ncident but did not respond, because there 1s a Utilities
steam p1t at the approximate location of VV #7

Utilities foreman determined the problem was 1n a transfer pit
and not a Utilities problem. Captain Tadolini requested Shift
Superintendent assistance

Plant Protection notified R. £ Brady, Liquid Waste Processing
Foreman, Building 374 Brady, 1n turn, notified J. D Morrison,
Waste Tank Operator, that there was a problem with VV #7.

After checking the vault problem, Morrison returned to Building 881
to shut down the pumping operation and called for access to the

vault area.

Morrison entered the valve vault area. The Shift Superintendent

arrived on the scene
C Illsley.(Environmental) arrived at scene

S&W employee, Suthern, dammed the ditch east of the guard shack
at Portal #1 [11sley noticed drainage was running across

the old 750 parking lot, through the Building 991 normal
run-off drainage Another dam was made just west of Guard
Shack 762 to stop the liquid's flow from entering the

drainage ditch




A water sample was taken from VV #7.
i1 00 Sample was taken from storm dramn near Building 995
11 05 Pond B-4 was sampled
2.00 Pumping of Tiquid from VV #7 1into tanker truck began.
2 30 South Walnut Creek was diverted into Pond B-1.
5-30 The second series of samples was taken from the following locations
Ditch above dam on Sage
Storm drain near Building 995

Pond B-1
Pond B-4

£w N —




Photograph No

1

10

PHOTOGRAPHIC LEGEND

External view of Valve Vault =7 (VV #7) showing the
location of the vault beneath the security fence
Access to the vault can be gained only after Security
personnel open the overhead gate

Internal view of VV #7 showing vault after water was
pumped out and the vault cleaned

Main electrical box which was inundated The entire
electrical system had to be replaced.

The upper alarm system 1s designed tn activate when
seepage water collects 1nside the poly bottle through
the small conduits (normally inside the bottle)

Shows the i1ncoming high level Tine (open) and low-level
1ine (closed). Seepage 1s collected from outer pipe

Water entered the sump through the sump pump line The

location of the faulty check valve 1s shown to the right
and above the gauge. The lower alarm system 1s located

beneath the sump pump.

The upper view of the sump pump line shows the sump line
connecting with the high-level line

The check valve housing was removed to examine the check
valve

The 1nterior view of the check valve housing shows one
flap on the check valve 1s missing.

This photo shows the check valve after removal from the
housing. The missing flap would be located to the right
of the center screw The cleavage edge of the rubber
can be seen just above the metal trough
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‘ **Degree of infiltration refers to relative cost of cleanup.

2/
b

1 u
1k

The following buildings at Rocky Flats are currently known or suspected

to be radioactively or chemically infiltrated.
soil under each building 1s similarly infiltrated.

Building

122
123
125
331
334
439
440
441
442
444
447
559
663
701
707
770
771
774
776
777
778
779
865
881
883
884
886
889
991

involved.

*Type Of

Radioactive
Infiltration

It is assumed that the

**Estimated Degree

Radioactive
Infiltration

Chemical

Infiltration

PRy PP PP P PP HEEERROOP P

Trace
Low
Trace
Trace
Trace
Trace
Trace
Trace
Low -
Low

Low
Moderate
Trace
Low

Low

Low

High
Moderate
High
Moderate
Low

Low

Low

Low

Low
Trace
Trace
Low
Trace

Trace
Moderate
Trace

Moderate
Trace
Moderate
low

High
Trace
Trace
Trace
Low

High
Moderate
Low

Low

Low
Moderate
Low

High
Trace

Trace
Moderate

*Type of radioactive infiltration refers only to major radioactive material

Other radioactive elements are also involved but to lesser extent.
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TABLE II

Major Incidents in the Area of Buildings 770, 771, and 774 (See Map 1)

(Note: Pipeline leaks, etc., are discussed separately.)

Prior to 1956, the process waste holding tank located north of Building 771

overflowed on several occasions with minor impact.

1956 - October: Process waste tanks (Building 774) overflowed, minor
envirormental infiltration.

1957 August: Leaking process waste tanks (Building 774), minor
environmental infiltration cleaned up.

-

September: Building 771 fire - some environmental infiltration,
particularly north and near the hatch on the southwest corner of
the building. Actual levels unknown, soil and vegetation samples

inconclusive.

1958 April: Soil infiltration noted at laundry outfall (Building 773),
17,400 dpm/g.

1963 January: Liquid containing plutomium spilled outside Building 774
entrance. Material cleaned up.

1964 January: Coveralls containing plutonium found on west dock of
Building 771. Levels to 100,000 dpm/100 cm? found on dock and
in locker room. Cleaned up immediately.

1968 May* Sewer line break at Building 771 resulted 1in sewage lift
station tank overflow to Building 773 outfall. Low concentration

of radioactive and chemical materials.




v .
I VRV

-

1970 May: Soil samples collected from Building 773 outfall; approx-
imately 100,000 dpm/g. Plumbing modified :in September 1970
and 149 drums of soil removed for off-site disposal. (Removal

completed August 30, 1971.)

1971 Scrap drum leakage (June and July) resulted in recorded levels
to 300,000 dpm/100 an® on about 2,500 square feet of asphalt
north of Building 771. Asphalt removed for off-site disposal.
In September, construction excavation between Buildings 771
and 774 exposed tunncl which contains process waste line and
which at one time was used as an exhaust ventilation duct for
Building 774. The exposed cracks in the tunnel were sealed.
Eight drums of soil (approximately 24 dpm/g) were removed for
off-site disposal in January, 1972.

September: Building 774 dock - unknown source resulted in es-
timated levels to 200,000 dpm/100 cm®. Thirty-six drums of
soil removed for off-site disposal.

1972 March: Approximately S00 gallons of plutomium waste (approx-
imately 350,000 dpm/liter) inadvertently released from
Building 774. Pond samples showed only slight increase in
activity. Started removing soil around Building 774 waste
tanks for installation of new inspectable processing tanks.

August: A punctured scrap box and drum resulted in up to
200,000 dpm/100 cm® on approximately 3 600A eg: inside and
approximately S00 square feet outside Building 770. Cleanup
began immediately, soil and asphalt removed for off-site

disposal.

1973 There were no incidents whaich were considered to have resulted

in environmental infiltrataion.

- 10 -
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Map 1A

This map gives an arbitrary indication of possible affected areas
as a result of operational incidents and accidents in the Buildings 770-771-
774 area. As indicated, low level nitrate and radioactive infiltration is
expected. Soil samples of the area justify this low-level assumption, with
plutonium values ranging from undetectable to 64.9 dpm/g.

It must also be emphasized that the variables inherent in soil
sampling (i.e., particle size, type of soil, physical location, vegetation
cover, etc.) and the state-of-the-art do not permit wholesale drawing of
conclusions as to levels, accurate isocurie contours, etc. It is the nature
of the technology that a "high' sample could be detected immediately adja-
cent to an undetectable one and vice versa. Where such contours have been
derived, by one means or another, they will be incorporated into this report
for reference. Wherever possible, however, actual sample results should be
the only judgment criterion and will be so presented herein.

- 12 -
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Map 2 (Buildings 701, 776-777, 778, and 779)

In June 1964, an explosion within a glovebox in Building 776
resulted in extensive release of plutonium to the interior and some to

the exterior, primarily north of that building.

A fire on May 11, 1969, released plutonium to all of Building 776-
777 and areas of Buildings 771, 778, and 779. The integraity of the buildings
involved, however, remained essentially intact and very little environmental
infiltration can be attributed to the actual fire. Subsequent extinguishing
efforts, and cleanup did, however, provide some contribution (Map 2A).

These two incidents are primarily responsible for soil infiltration
in this area. The majority of the affected soil has either been removed or
covered with asphalt. As examples, in September 1969, approximately 320 tons
of soil and asphalt (containing an estimated 14 mg Pu) were removed from the
west side of Building 776. An asphalt-covered area of about 10,000 square feet,
north of Building 776-777, has levels of radioactivity of about 700 dpm/g.
When this area was surveyed, no particular 'hot spots' were found but the
material was somewhat deep in places, particularly around a drain in the
dock area. A French drain north of Building 776 may have contributed to
some plutonium infiltration below the surface although no surface expression
has been noted. Radiocactive levels of up to 80,000 dpm/100 cm® were noted
in October 1971, north of the Building 776 compressor shed directly under
the gravel and the soil was subsequently removed for disposal.

More recent incidents, such as process waste backing up into a
stool and sink in Building 701 (June 1972) have also contributed some degree
of infiltration to the area in the vicinity of that structure. Also there
has been some minor spillage of carbon tetrachloride into the soil at the
storage tank near the southwest cormer of Building 701. No significant

environmental consequences are expected from this spillage.

- 14 -
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Building 779 was erected over the site of one of the original
solar evaporation ponds. During excavation (September 1962) levels of
radiocactivity ranging from 11 to 75 dpm/g were noted, and later, pools
of water in these excavations had levels to 150 dpm/1l. The radiocactive

material involved was mostly uranium.

With the exception of the recent tritium incident and minor
involvement in the 1969 fire, only one other major incident of environ-
mental significance has been doamented in Building 779. In June of 1969,
an improperly opened waste drum resulted in radioactive material spread
to the first floor, utility roam, dock and adjacent grounds, and walkways
east and south of the building, mostly by personnel tracking. Levels up
to 50,000 dpm/100 cm? were recorded, and a mumber of drums of soil were

subsequently removed for off-site disposal.

Thus the entire Buildings 776-777, 778, and 779 areas (including
substructures) must be considered at least partially infiltrated with radio-
active materials primarily on the north side of the complex, the west side
of Building 776, between Buildings 777 and 779, and the courtyard between

Buildings 776-777 and 778.

Some chemical infiltration, notably nitrates, chromate, and
particularly in and near Building 776, possible organics (CCl.), is to be
expected, particularly beneath and north of the buildings.
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ROOF AND OUTSIDE AREAS
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Map 3 (Buildings 559 and 707)

The Service Laboratory Facility, Building 559, began opcration
in March 1968. Original process waste pipelines under the building were
made of Pyre:g) glass to combat a persistent corrosion problem. Operations
and natural settling of the building have resulted in several breaks in
this glass line, which are discussed in conjunction with Map 14.

Building 707, the newest production complex, has created no known
envirommental infiltration. Before construction, however, a section of the
original process waste line (see Map 14) was removed and some residual ma-
terial might be in residence. A sampling well (see Map 20) located near
the process waste holding tank (between Buildings 707 and 750) has produced
slightly elevated nitrate levels, but this could be due to a number of
factors. No radioactivity has been detected in~these samples, therefore,
no leak or infiltration is assumed.

- 18 -
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Map 6 (Buildings 439, 440, and 444-447)

Depleted and enriched uramium and beryllium arc the principal

materials of concern to this area.

In 1953, high winds blew the lids off waste drums and uranium
wds released to the dock, driveway, and surrounding grounds. Direct count
as high as 7,500 dpm/100 cm? and smears as high as 350 dpm were reported.
The docks and sidewalks were cleaned up and the driveway areas seal-coated.
A broken process waste line (June 1966) north of the building resulted in E\dg‘-m
some possible infiltration as did leaking storage drums south of the build- -
ing. An open ingot storage area east of Building 444 and a metal storage
area south of the building have undoubtedly resulted in low-level infil-
tration of the soil, as has a uranium machine tool storage area west of

the building. -

In May 1960, a vaanm collector fire in Building 447 resulted
in approximately 44 uCi depleted uranium deposited on the roof of the build-
ins. In December 1962, a uranium/beryllium release from Building 444 (due

to use of an unfiltered hood) was noted.

Thus, these areas immediately adjacent to Buildings 439, 440,
and 444-447, as well as the storage areas noted on Map 6, must be consid-
ered radioactively infiltrated to some degree as should the footings and

foundations of these buildings.

Chemically, no specific incidents have been noted, but routine
generation of mitrates and chromates would indicate at least the possibility
of these materials being present in soil under and around these buildings.

- 26 -
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Map 7 (Buildings 122, 123, 351, 334, 441, 442, 443, 551, and 554)

Building 122 (Medical Facility), with 1ts extremely low lcvel
waste-liquid generation, operated with a 55-gallon drum as a waste tank.
Rusting of this drum and subsequent, leakage resulted in some low-level
infiltration of soil under the building and the removal of a section of
the floor inside (southeast cormer) the building. Significant infiltration
1s not suspected and has not been detected in areas around the building.

. Building 123 (Health Physics Laboratories) generates low-level
radicactive liquid waste as well as chemical wastes. Known or suspected
underground waste-line leakage has contributed some material to the soil
beneath the building. Leakage, however, also appears to be into the lines
due to high hydrostatic pressure, thus minimizing the potential.

Building 441 was originally a laboratory handling small quan-
tities of radioactive material as well as quantities of various chemicals.
Thus, the soil and piping beneath the building must be considered suspect
in regard to both chemical and radioactive infiltration.

The Laurdry, Building 442, is also potentially affected by both
radioactive and chemical materials, notably depleted uranium and beryllium,
and 1n 1964 the Laundry was infiltrated by enriched uranium, impregnated
in clothes from Building 883. The soil in the vicimity of this building
has also been affected by instances of radioactivity release. For example,
i1n December 1963, rag-cleaning barrels stored near the building either
leaked or spilled. The liquid drained east into the ditch on the northwest
side of the building. Radioactivity was detected as far east as the east
end of Building 551. Cleaning efforts and subsequent runoff has reduced

concentrations in that area to a low level.

Building 443, the Steam Boiler Plant, has had no known radio-

active material involvement. Routinc operations do involve chemicals,
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particularly sulfuric acid and sodium hydroxide The only incident of
notc occurred when a quantity of sulfuric acid was spilled to the environs
of the building. The acid drained eastward (on the south side of
Building 442) to a trap dug in the center of the lot which is now used
for Building 444 parking. This soil in the area would undoubtedly be
somcwhat acidic, but no adverse effect on the envirorment has been noted.

A portion of Building 331, the Plant Garage, was at one time
used for a special RED effort involving depleted and enriched uranium.
No incidents or releases were noted during this operation and no environ-
mental residue is expected. Due to the repair and storage of vehicles
there is possibility of organics such as oil and gasoline in the soil

beneath the building.

Building 334, the main Maintenance Shop, Was also used for special

work involving the shearing of some depleted uranium. Some thorium has also

been handled in Building 334, again, with no known incident. No environ-
mental encroachment of any material has been detected or is expected as a

result of operations in this building.

The Warehouse, Building 551, and adjacent grounds, have been
areas of concern several times. For example, detectable uranium was dis-
covered on the Warehouse floor in April 1953. Uramaum chips and turnings
werc discovered in an alumimm scrap pile near the Warehouse in 1963 and
again in 1964. These were removed and the grounds cleaned. In July 1963
and again in 1970, Rocky Flats received equipment and drums from off site
which contained uranium above the Rocky Flats acceptable level. In 1970
the entire shipment of 55-gallon drums was returned to that vendor. These
and other minor incidents lead to at least suspect areas under and around
Buildings 551 and 554 (vhere the '"hot' drums were received). A small drum

storage area east of Building 552 is suspect for the same reason.
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. There have been some minor leaks and spills from drums and storage
containers in the non-radioactive chemical storage arca east of Building SS1.
While a small area might have been affected, quantities involved have been
so small that no impact has been noted nor expected. This area is used pri-
marily to store drum quantities of acids, oils, soaps, and solvents. '

- ere
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Map 8 (Buildings 865, 883, 886, and 889)

Due to the nature of operations in thesc buildings, soil infil-
tration 1s expected to some degree under and possibly around these buildings.
Spills involving uranium in Building 886 have occurred, with an inherent
possibility of substructure infiltration. No specific incidents have been
documented in the other buildings (with the exception of a January 1969
incident wherein the roofing was blown off Building 889 with no environ-
mental effect). At one time, however, some cquipment from a uranium lab-
oratory was stored outside (just east] of Building 883 and west of
Building 889. Present practice includes temporary storage of equipment
from uranium areas on a pad north of Building 889 prior to processing.
Therefore, these would also be areas of interest, although no incident
or infiltration has been noted.
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Map 9 (Building 881)

Building 881, originally a production building, was partially
converted to a general support building in 1964 Although few incidents
involving the building have been documented, it represents an area of
interest, primarily due to the age of the structure (one of the original
plant buildings). Both uranjum (east dock February 1960) and plutonium
(1aboratory area October 1961 and 1968) incidents have been noted in the

. building and waste lines have been broken with resultant probable infil-
tration. Low levels of plutonium have been detected in the air tunnel and
the cooling tower northeast of the building.

In addition to burial sites (see map), some exterior areas near
Building 881 have been involved with radioactive material. An area of
several hundred square feet northwest of the buidding was involved in
1958 when a concrete slab, removed from the east side of Building 776,
was deposited there. The slab was broken up and removed and the area
cleaned. Conversion activities also resulted in some possible infiltration,
primarily to the northeast of the building.

In May 1973, o1l (#6 fuel oil) from an undetermined source was
discovered on the hillside below Building 88l1. Prompt action prevented
the spread of the oil into Woman Creek or any holding pond. Leak tests
on the Building 881 fuel tank and lines (the only known possible sources)
did not show any leakage, but to date the oil contimues to emerge through
the Building 881 footings drain. A concrete skimmer dam has been built
to trap the oil, which drains in extremely small quantities. The oil-
soaked straw which was used to trap the material, as well as most of the

soi1l involved, has been removed.
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Map 10 (Buildings 991 and 995)

Building 991 and the associated storage vaults (tunnels 996,
997, 998, and 999) are also original plant structures and thus under
suspicion due to age. Incidents involving very small quantities of plu-
tonium, as well as uranium and beryllium, have becn noted in Building 991,
and extensive research activities have undoubtedly spread some trace con-
centrations of materials in the vicinity of the building.

_ Although radioactive materials have been contimuously stored in
the vault areas, routine surveys have indicated that with the possible
exception of 996, which might be slightly uranium infiltrated, the vaults
have remained remarkably “cold." Any envirommental leakage has been in
rather than out as determined by salt infiltration into the tumnel areas.

Building 995, the Scewage Treatment Facility, has historically
been the recipient of effects from incidents in other areas of the plant.
For example, the overflow incident in Building 701 (June 1972) contributed
clevated levels cf radioactive material (plutonium) to the Building 995
effluent and drying beds. In 1972, plumbing changes were initiated to
channel all wastes through Building 995. The increased load thu/s generated
lead to increasing radioactivity levels in sewage sludges which are shipped
off site for disposal. Surge overflows and incidents involving spillage of
the dried or drying sludge have created an area of concern which extends
from the outlet of the South Walnut Creek diversion culvert to and through
the B-series holding ponds, and surrounding the treatment area including
both sides of the perimeter road east of Building 995.

The original process waste outfall (fram Building 774) was located
just west of the Building 995 outfall. The line was later rerouted to dis-
charge further upstream. In 1972, the line was routed through Building 990

and then, through the sanitary sewer lines, into Building 995. The aban-

doned line 1s still in place. The area of the original outfall as well as

the abandoned line are noted on Map 10 as areas of interest




| ‘
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Map 10A details soil sample results from a rccent survey in the
vicinity of Building 995. These results are only 1llustrative, as actual
levels vary with flow rates through the creek bed.

The B-series holding ponds are located in this area. Sediment
sample results from all holding ponds taken in 1971 by the Radiobiology
Department of Colorado State University (CSU), are detailed in Map 10B.
The values given are questionable due to the analytical technique employed.
Values shown may be high due to the presence of isotopic uranium or low

due to inadequate sampling technique.

Regardless of the accuracy of the values shown in Map 10B, the
B-series ponds must be considered an area of concern regarding both chemical
and radioactive infiltration. Studies have shown that these ponds have
performed what they were designed to do, provide residence time and holding
capacity to allow materials to settle out, and in so doing have become
infiltrated with those materials. It should be noted that the concentra-
tions decrease throughout the system, which is further indication of the

effectiveness of the ponds.

- 37 -




ya

00S'9e*N

V3YVY aNNOW

000°cZ-3 ~

v (W

MAP 10

005'22-3 ~f———
000°2Z 3 —

'Y3HV NOILONYLS3A 13711vd

»
¥
k

Y

00S'€Z-3

VI

p 3

166
! "
& lll H } 4

3
000°ZE"N
X !

“1VSOdSIa HOd4 31I1S-440 Q3ddIHS 3”VY
) S350N1S 3OVM3S Q3LVHLU4NI ‘213 ‘STUdS
‘SMOT4Y3A0_OL 3NA NY3ONOD 40 V3yv |

—

lr[

i Va—
3 St o
'STINNNL 3DVHOLS NI ONV ‘ONIOTING ONNOYY

OGNV H3AONN HLO8 LHODIT AY3A 38 QINOHS
LIN3IWIATOANI °166 NI Q31HOJ3IH N338 3IAVH °g

aNv ‘n ‘nd 02.)._O>2. SINIQIONI HONIW 3WOS

\\1

‘SUNVL ONIGTOH 39¥M3S
1HOITS

GQ34Y3AISNOD NOILVYLII4NI IVILNILOd
'@3ddVD “30v1d NI TTULS SI 3N

t s Lo

005'Le°N
‘dVIN ONIMOTTI0d 33§

'SNOILVH3dO WH3IL ON

Ol 3NQ Vv3dV Q3lvulilid

-~

L J

“TIV4LNO0 ILSYM SS300Hd TYNIDIHO




~
"EAST" CULVERT

’l“‘/ PERIMETER FENCE

th_/*f ROAD
x

4

"WEST" CULVERT

r

i

PLUTONIUM RESULTS, DPM/GRAM (DRY)... /
Y

GATE 10 /——‘
\_y— — e

MAP 10A



| st 2

I Map 14 (Process Waste Lines)

Map 14 details the process waste system at Rocky Flats, tankage,
and possible major materials present in those tanks.

In an effort to reduce corrosion, original process waste lines
had a saran-lined inner pipe enclosed in a protective clay tile pipe. This
saran lining was very susceptible to leakage. Leaks were noted in 1952 and
by 1956 most of the original pipe had been replaced with stainless steel.
To date, all but about 600 feet of this line has been replaced. The re-
mammg section was thoroughly tested in 1971 and was not leaking.

An exhaustive leak-test survey was conducted in 1971 by an off-
site contractor. This leak test was conducted under pressure and disclosed
several minor leaks, mostly in low-pressure (essentially gravity-flow) lines.
Repairs were started irmediately. Attempts were made to repair the higher

‘ pressure leaks in place. When these attempts failed, an alternate line
was installed. The low leak-rate detected around joints in the gravity

| flow line is to be expected since this type line is not designed to operate
under pressure. Lines have been observed under operational pressures and

no leakage observed.

With the exception of Building 559 and between Buildings 776 and
774 as noted below, no radioactive infiltration has been detected outside

the lines even in the vicinity of the leaks, but some chemical infiltration,

particularly nitrate solutions, is probable. These areas are noted as

“areas of concern" on Map 14A primarily in the interests of conservatism.
As pipelines have been replaced, soils and liquids have been monitored
and, with the noted exceptions, have not resulted in detectable concentra-
tions. However, extremely low-level radioactive and chemical ainfiltration

must be presumed.

‘ Process waste lines between Buildings 776-777, 779, and 774 and
between Buildings 771 and 774 have broken and leaked several taimes. Valve
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leakage has occurred in the valve pit near waste storage tank 207. Although
noted incidents in this area have resulted in clean up (soil removal),”

residual infiltration 1s a surety. Thus the entire area from Buildings 776-
777 and 779 Complex to Building 774 should be considered an area of concern

as shown on Map 14B.

Building 559, a Service Laboratory Facility commissioned in 1968,
was originally built with Pyrex ~glass waste lines. Less than one year
later, a break was discovered in the line from the building to the pump
house. Several hundred square feet of infiltrated soil was removed as
radioactive waste as a result of the leakage. This same type of line is
buried beneath Building 559. In 1972, the south half of this two section
line was discovered to be leaking. A PVC pipe bypass was installed.
Vertical core sections taken under the building confirm some infiltration
directly under the pipeline (approximately 250 dpm/g). Core samples
taken outside the building, however, did not detect measurable quantities,
indicating that any infiltration is contained beneath the building proper.

The remaining waste lines in Building 559 were static-leak tested
following the bypass installation. Current plans call for yearly static-

test to prevent recurrence.

Abandoned process waste lines under Building 707 (removed),
under the new Filter Plenum for Building 779 (removed), and at the original
outfall near Building 990 (still in place) as well as smaller sections
elsewhere (i.e., west of Building 771) should be noted. Although not con-
sidered as sources for further contributions, some soil has been infiltrated
in the immediate vicinity of the lines or original locations.
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the Rocky Mountain Arsenal 1n the 1960s and possible surface rupture on the Golden

‘ Fault approximately 600,000 years ago (Kirkham and Rogers, 1981)
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SECTION 4

‘ SITE GEOLOGY

Presented below are results of the geologic site investigation conducted in the
vicinity of the Original Process Waste Lines in 1986 and 1987 The section begins
with detailed descriptions of surficial (Section 4 1) and bedrock (Section 42) geology

including lithologies, thicknesses, and extent of materials

Information for these discussions was obtained from previous studies, aerial
photographs, 46 monitor well boring logs, 16 shallow borings, and field mapping
Plate 4-1 shows the location of all monitoring wells at the Rocky Flats Plant, and
Plate 4-2 presents monitor well locations 1n the study area  Geologic logs of all
boreholes and wells 1n the vicinity of the Original Process Waste Lines along with

well completion data sheets are located 1in Appendix A

‘ It 1s important to note that it 1s not known to what depth the Original Process
Waste Lines were placed They are believed to be within the surficial materials, but

at this time no data are available to verify this assumption

41 SURFICIAL GEQLOGY

Surficial materials 1n the Original Process Waste Lines Area consist of the
Rocky Flats Alluvium, colluvium, valley fill alluvium, disturbed ground, and
artificial fill unconformably overlying bedrock (Plate 4-3) In addition, there are a
few 1solated exposures of claystone and sandstone bedrock located along siopes and

the road cut directly east of the Perimeter Security Zone
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The Plant 1s located on a terrace which 1s capped by Rocky Flats Alluvium
Colluvium (slope wash) covers the hillsides of the terrace, and valley fill alluvium 1s
present 1n the drainages of North and South Walnut Creeks Much of the area
adjacent to the solar ponds 1s disturbed ground due to construction of the ponds,
roads, the Perimeter Security Zone (PSZ) fence, nearby buildings, and the French
drain system The area around Building 881 consists of fill material derived from the
excavation of Building 88! and also from materials placed at SWMU 130 from the

1969 fire cleanup and 1s represented on Plate 4-3 as Qaf

411 Rocky Flats Alluvium

The Quaternary Rocky Flats Alluvium 1s the oldest and topographically
highest alluvial deposit of the Rocky Flats Plant, 1t 1s Nebraskan 1n age (Scott, 1965)
The Rocky Flats Alluvium occurs at an elevation of approximately 5,950 feet above
mean sea level 1n the vicinity of the solar ponds The Rocky Flats Alluvium 1s a
series of coalescing alluvial fans deposited by braided streams (Hurr, 1976) The
erosional surface (pediment) on which the alluvium was deposited slopes gently

eastward truncating the Arapahoe Formation at the Solar Evaporation Ponds

Following deposition of the Rocky Flats Alluvium, eastward flowing streams
began dissecting the deposit by headward erosion and lateral planation All of the
alluvium was eroded in the drainages of North and South Walnut Creeks, and the
terrace on which the ponds are located remained Colluvium and valley fill alluvium
were subsequently deposited along the slopes and i1n drainages, respectively Rocky
Flats Alluvium capped the terrace at the Plant prior to Plant construction Much of
the alluvium was removed and/or reworked during construction activities (Cross

sections A-A’, B-B’, and C-C’, Plate 4-4)
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The reworked Rocky Flats Alluvium in the study area 1s described as a
generally poorly sorted, unconsolidated deposit of clay, silt, sand, and gravel Colors
range from light brown (5 YR 5/6) to gray brown (5 YR 3/2) with 1solated horizons
of olive gray (5 Y 3/2) to gray brown (5 YR 3/2) Color codes are adopted from GSA
Color Chart The grain size of the quartz and granitic sand ranges from fine- to
coarse-grained (30 @ - 10 @ on the Wentworth Scale) with no single size taking
predominance Gravels range from 025 mm to 20 mm 1n size and are angular to
subangular, indicative of materials transported short distances The deposits are
mildly calcareous and weakly cemented 1n places Where undisturbed to the east of

the Solar Evaporation Ponds, the Rocky Flats Alluvium 15 8 7 feet thick (well 29-86)

412 Colluvium

Colluvial materials are present on hill slopes to the northeast and southeast of
the Plant descending to North and South Walnut Creeks and along the slopes of
Woman Creek (Plate 4-3) Much of the colluvium on the slope due north of the Solar
Evaporation Ponds was removed during construction of the PSZ fence and the French
drain system Colluvium was penetrated by wells 21-87 and 22-87 to depths of 95 and

12 8 feet, respectively

Colluvium 1s described as consisting predominantly of clay with common
occurrences of sandy clay and gravel layers Colluvial clay 1s typically poorly
consolidated and ranges in color from dark yellowish brown (10 YR 4/2) to light
olive gray (5 Y 5/2) and light olive brown (5 Y 5/6) Occasional dark yellowish
orange tron staining (10 YR 6/6) and stringers of brownish gray (5 YR 4/1) are
present Sand, when present, 1s very fine-grained to coarse-grained and poorly sorted
Occasional cobbles occur within gravel layers, which are poorly sorted and

unconsolidated
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413 Valley Fill Alluvium

The most recent alluvial deposit on Plant site 1s valley fill alluvium found
along the drainages of North and South Walnut Creeks, and Woman Creek This
alluvium 1s derived from reworked and redeposited older alluviums and bedrock

material

Valley fill alluvium was encountered 1n eight wells in the study area ranging
from 535 feet (36-86) to 161 feet (34-86) in thickness The unconsolidated valley fill
alluvium consists of poorly sorted sand, gravel, and cobbles 1n a clay matrix Colors
range from olive gray (5 Y 3/2) with dark yellowish orange mottles (10 YR 6/6) to
dark yellowish brown (10 YR 4/2) Gravels are subangular to subrounded and
unsorted  Composition of the valley fill alluvium does not differ significantly
between North and South Walnut Creeks based on lithologic descriptions from borings
for wells 13-86, 14-86, 15-86, 16-86, and 17-86 drilled in the North Walnut Creek
drainage and borings for wells 34-86, 35-86, and 36-86 drilled in the South Walnut

Creek drainage

414 Dastur roun

Plate 4-3 shows much of the area around the Solar Evaporation Ponds and on
the 881 Hillside (wells 1-87, 51-87, and 53-87, Cross Section D-D’, Plate 4-4) as
disturbed ground This includes the ponds, buildings, roadways, the PSZ fence, and
the French drain system north of the ponds A total of 20 wells and all 16 borings
were drilled though disturbed materials (Plate 4-2) Areas of disturbed ground are

also shown 1n cross sections B-B’, C-C’, D-D’, and E-E’ on Plate 4-4
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Disturbed ground is generally described as unconsolidated clay, silt, sand,

‘ gravel, and pebbles The materials are very poorlv sorted with fragments of clavstone
and cement rubble and display no bedding A mulutude of colors were encountered

from olive to reddish brown (5 Y 5/6 - 10 R 5/4) to olive to yellow gray (5 Y 5/2 -3

Y 8/4) and gray to yellow orange (10 YR 7/4 - 10 YR 6/6) Granitic and quartzite,

angular to subangular gravels and pebbles are commonly found 1n areas of disturbed

Rocky Flats Alluvium or disturbed colluvium Sand, when present, varied from fine-

to coarse-grained and was very poorly sorted Thickness of the fill material ranges

from 08 feet at well 32-86 (north of pond 207A) to greater than 21 feet at boring

SP(07-87 (east of Pond 207-B South)

415 Aruficial Fill

There are two types of artificial fill on the 881 Hillside (Plate 4-2) derived
‘ from separate sources (Rockwell International, 1988) The first 1s fill material
derived from excavation of the Building 881 foundation, and the second 1s soil placed

at SWMU 130 from the 1969 fire cleanup

Material excavated for the Building 881 foundation was spread over a large
area generally south of the building The very poorly sorted and unconsolidated
artificial fill was derived from Rocky Flats Alluvium, colluvium, and claystone
bedrock It 1s predominantly composed of sandy clay with some gravelly zones (Plate
4-4, Cross Section A-A’) The fill 1s generally brown to gray in color with occasional
zones of moderate yellowish brown staining A weakly cemented zone of caliche was
encountered i1n well 54-87 The fill 1s underlain by colluvial and bedrock materials,

and ranges from two to five feet 1n thickness (Rockwell International, 1988)
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. 42 BEDROCK GEOLOGY

The Cretaceous Arapahoe Formation underlies surficial deposits in the
Original Process Waste Lines Area Ten wells were completed 1n various zones of the
bedrock during the 1986 and 1987 drilling programs The Arapahoe Formation
beneath the study area consists primarily of claystone with interbedded sandstones
and siltstones The Arapahoe Formation was deposited by meandering streams
flowing generally west to east off the Front Range Sandstones were deposited as
braided stream channel deposits and as overbank splays Claystones were deposited 1n
back swamp and floodplain areas Leaf fossils, black organic matter, and wood
fragments were encountered within the claystones during drilling near the solar

ponds Contacts between various lithologies are both gradational and sharp

‘ 421 Arapah 1 n

Claystones were the most frequently encountered lithology of the Arapahoe
Formation immediately below the Quaternary/Cretaceous contact (Cross Sections A-A’
through E-E’, Plate 4-4) Claystones are described as massive and blocky, containing

occasional thin laminae and stringers of sands, silt, and coal

Weathered bedrock was encountered directly beneath surficial materials in all
of the monitor wells and borings Weathering was noted to depths of 280 and 390
feet below ground surface in boring SP06-87 and monitor well 39-87BR, respectively
The weathered claystones generally range from pale yellowish brown (10 YR 6/2) to
light olive gray (5 YR 5/6) 1n color and are moderately stained with iron oxide Iron
oxide stains also occurred as brown and red mottling Calcium carbonate deposits
along with iron oxide concretions are noted in the weathered zone Fractures are
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noted between 60 and 26 0 feet below ground surface 1n wells 24-86, 27-86, 22-87, 29.
‘ 86, 31-86, and 33-86 associated with the weathered zone Calcarecous pockets and

ironstone concretions were observed along these fractures

Unweathered claystone 1s typically dark gray (N 3/0) to yellowish gray (5 Y
7/2) and has little mottling Vertical, subvertical, horizontal, and 45 degree fractures
associated with unweathered claystone are found at varying depths between
approximately 30 feet (34-86) to greater than 100 feet (23-86) Fractures could not be
correlated between boreholes Many of the shallower fractures (30-60 feet) are
described as calcareous, limonitic, or 1ron stained 1mplying water movement
However, the fractures cannot be correlated between holes Both weathered and
unweathered claystone contains laminae of siltstone and very fine-grained sandstone
Typical siltstone and sandstone horizons range from brownish gray (5 YR 4/1) to

dark yellowish orange (10 YR 6/6) in color

422 Arapahoe Formation Sandstones

Bedrock wells 14-86, 16-86, 23-86, 25-86, 27-86, 31-86, 32-86, and 39-87BR in
the study area are completed i1n Arapahoe Formation sandstones In addition,
boreholes SP01-87, SP04-87, SP11-87 and SP12-87 encountered near surface Arapahoe
sandstones These sandstones are generally composed of moderately to well sorted,
subrounded to rounded, very fine- to medium-grained, consolidated quartzose sand
The shallower (weathered) sandstones exhibited dark yellowish orange mottling (10YR
6/6), and cementation increased with depth due to a decrease in weathering The
thickness of individual sandstone layers ranged from 19 feet 1n wells 14-86 and 16-86
to 2 maximum of 198 feet in well 39-87BR  Most sandstones encountered contain

thin beds or laminae of silt and clay Bedding ranged from none apparent in well 32-
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‘ 86 to convoluted bedding in well 23-86 Color of the sandstone ranged from light
. gray (N 6/6) to dark greenish gray (5 GY 4/1) in well 25-86 to olive gray (N 7/0) in

well 32-86

Siltstones were also encountered 1n the Arapahoe Formation during the drilling
programs Specifically, wells 14-86, 16-86, 23-86, and 25-86 encountered relatively
homogeneous beds of unweathered siltstone These beds ranged from less than one
foot (well 14-86) to 30 feet in thickness (well 23-86) They are dark gray (N 3/0) to
dark greenish gray (5 GY 4/1) in color, contain a trace of very fine-grained sand, are

slightly calcareous, and contain some wood fragments

As shown on cross sections A-A’, B-B’, and C-C’ (Plate 4-4), sandstone/siltstone
beds are present beneath the Original Process Waste Lines Area Some beds occur at
depth and others subcrop at the Quaternary/Cretaceous boundary Cross sections A-

A’, B-B’, and C-C’ depict the siltstone and sandstone units dipping gently eastward at

. approximately seven degrees

Subcropping sandstones were encountered in the vicinity of the solar ponds in
wells 39-87BR, 31-86, 32-86, 22-86 and borings SP01-87, SP02-87, SP11-87, and SP04-87
(Plate 4-2) Subcropping sandstones vary in thickness from less than 30 feet at
borehole SP04-87 to approximately 200 feet at well 39-87BR (Cross Sections B-B’ and
C-C’, Plate 4-4) In well 31-86, approximately 110 feet of sand described as soft and
weakly consolidated (very weathered) underlies disturbed ground In all other cases

the sandstone 1s consolidated and farm

The subcropping Arapahoe sandstones are generally described as a fine- to
coarse-grained (35 - 25 @), rounded to subrounded, weakly to moderately cemented,

quartz sand They occasionally contain small pebble horizons which are generally
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moderately to well sorted The sandstone color ranges from light gray (N 6/0) to dark
gray (N 4/0) grading into yellow grav (5 Y 2/2 - 5Y 7/2) and pale olive (10 YR 6/2)
Yellow orange 1ron oxide staining (10 YR 6/6) 1s noted in several wells with the

frequency of occurrence increasing toward the surface as a result of weathering

The subcropping sandstone 1s generally weathered, blocky, massive, and
contains lignite fragments (SP11-87) and leaf imprints (32-86) Caicium carbonate and
coal stringers are noted in borehole SP03-87 Fractures are noted in core from holes
32-85, 31-86, and 22-86 at depths of 50, 6 8, and 14 4 feet, respectively The fractures

at 6 8 feet 1n hole 31-86 are 1infilled with calcareous deposits

The relative vertical and horizontal location of the subcropping sandstones and
the physical descriptions of the same sandstones in the solar pond area suggest that
many of the subcropping sandstones are interconnected Approximate areal extents of

subcropping sandstones are shown 1n plan view on Plate 4-2

One occurrence of subcropping sandstone appears at well 39-87BR where
approximately 20 feet of fine-grained sandstone subcrop Sandstone subcrop was not

encountered in any adjacent wells

The second and third occurrences of subcropping sandstones include borehole
SP04-87 where approximately 30 feet of sandstone 1s present and borehole SP11-87
where approximately 85 feet of subcropping sandstone underlies disturbed ground
In both cases, no adjacent wells contain subcropping sandstone, suggesting that these

sandstone occurrences have limited lateral extent

A fourth and extensive area of subcropping sandstone occurs i1n wells 31-86,
32-86, 22-86, and boreholes SP01-87 and SP02-87 Sandstone thicknesses range from

50 feet to 155 feet 1n boreholes SP03-87 and 32-86, respectively The combination of
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these five holes outlines an oblong area underlying portions of Solar Evaporation

‘ Ponds 207-A and 207-C (Plate 4-2)

Finally, during the drilling of well 9-87BR, a sandstone unit was encountered
at the Quaternary/Cretaceous contact, 127 feet below ground surface (Cross Section
E-E’, Plate 4-4) The unit was found to be 18 8 feet thick and ranged from very fine-
grained to coarse-grained in nature As discussed i1n detail in Rockwell International,
1988, the correlation between the sandstone unit found in well 9-87BR and 16-87BR
which 1s primarily based on their similar lithologic characteristics, has set the basis

for establishing a seven degree structural dip for the area
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SECTION 1

CONCLUSIONS AND RECOMMENDATIONS

The geologic information collected from the areas in the vicinity of the
Original Process Waste Lines show that the system 1s situated within disturbed Rocky
Fiats Alluvium and/or disturbed colluvial materials These overburden materials
range from 08 to 21 feet thick and unconformably overlie Arapahoe Formation

claystone or sandstone units

The geology 1n the northern portion of the Original Process Waste Line system
1s well documented due to the drilling of numerous boreholes 1n 1986 and 1987 to
characterize the hydrogeology of the Solar Evaporation Ponds Area However, only
limited data are available for the remainder of the study area In addition, ground-
water flow directions are poorly defined within the Plant security fence Therefore,
the following recommendations are made to characterize the hydrogeology in the

vicinity of the Original Process Waste Lines

Additional borings should be drilled along the southern and western portions
of the Original Process Waste Line system It 1s important to note that these proposed
drilling locations are tentative and their exact placement will depend primarily upon
each site’s accessibility The Original Process Waste Lines are located within the
Plant and therefore the area 1s densely populated with buildings, parking lots, and

utility lines

Seven additional borings are proposed to characterize the geology in the

Original Process Waste Lines area These borings will be drilled to

ORIGINAL PROCESS WASTE LINES CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 PAGE 1-1




1) Determine lithology and thickness of surficial materials

’ 2) Determine lithology of bedrock beneath the Original Process Waste
Lines
3) Determine thickness of subcropping sandstone units where encountered

These borings will be augered and sampled to a depth not less than ten feet
into weathered bedrock If a sandstone unit 1s encountered 1n the bedrock, the boring
will extend through the entire thickness of the unit and will be terminated no less
than five feet below the base of the sandstone This method will enable the geologist

to complete a detailed lithologic description of the bedrock materials

Approximate locations for the proposed borehole locations are listed below
1) 800 ft west and 150 ft south of well 23-86,

2) 400 ft west and 300 ft south of well 23-86,

3) 170 ft west and 330 ft south of location No 2,
‘ 4) 1,000 ft south of location No 3,

5) 500 ft west and 180 ft south of well 61-86,

6) 500 ft west of location No 6, and

7) 1,050 ft west of location No 6

Piezometers will be installed in the vicinity of the Original Process Waste
Lines to define the extent of saturation and ground-water flow directions
Approximately 100 piezometers will be installed on 400 foot centers within the Plant
security area Another 26 piezometers will be located immediately adjacent to the

Original Process Waste Lines for site-specific water level information

Piezometers will be constructed by driving one-inch diameter PVC pipe to the

anticipated top of bedrock at each location The bottom five feet of each piezometer
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will be screened Water levels will be monitored on a monthly basis for one year

. following installation to provide seasonal water leve!l information within the Plant

Three alluvial ground-water monitor wells will also be installed adjacent to
and presumably to downgradient of the Original Process Waste Lines The
approximate locations for the proposed wells are as follows

1) 1,000 feet west and 40 feet south of well 10-87 (903 Pad Area),

2) 400 feet east and 350 feet south of well 44-86, and

3) 200 feet west and 400 feet south of well 23-86 (Solar Ponds Area)

These wells will be sampled quarterly as part of Interim Status ground-water
monitoring for the Original Process Waste Lines Slug tests will also be performed on
these wells 1in order to determine the hydraulic conductivity of the Rocky Flats
Alluvium 1n the Plant area and in further characterizing the hydrogeology in the

‘ vicinity of the Original Process Waste Lines
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‘ SECTION 2

INTRODUCTION

This report presents a hydrogeologic and waste source characterization of the
Original Process Waste Lines at Rocky Flats Plant The Original Process Waste Lines
were first 1dentified as a RCRA regulated unit 1n the summer of 1985 Subsequently,
the Original Process Waste Lines were abandoned by 1985 A closure plan for the
Original Process Waste Lines 15 required pursuant to Part 270 and 264 of the Colorado
State Hazardous Waste Regulations (6 CCR) and Title 40, Part 264 of the Code of
Federal Regulations (40 CFR) The goal of the closure plan 1s to meet closure
performance standards as follows

o The owner or operator must close the facility in a manner that a)
minimizes the need for further maintenance, and b) controis, minimizes
or eliminates, to the extent necessary to protect human health and the

' environment, post-closure escape of hazardous waste, constituents,
leachate, contaminated rainfall, or waste decomposition products to the
ground or surface waters or to the atmosphere (6 CCR and 40 CCR
264 111)

o The owner or operator must provide a detailed description of the steps
needed to remove or decontaminate all hazardous waste residues and
contaminated containment System components, equipment, structures,
and soils during partial and final closure including, but not limited to,
procedures for cleaning equipment and removing contaminated soils,
methods for sampling and testing surrounding soils, and criteria for
determining the extent of decontamination necessary to satisfy the
closure performance standard [6 CCR and 40 CFR 264 112 (b)(4)]

o The owner or operator must provide a detailed description of other
activities necessary during partial closure period to ensure that all
partial and final closure satisfy the closure performance standards,
including, but not limited to, ground-water monitoring, leachate
collection, and run-on and run-off control {6 CCR and 40 CFR
264 112(b)(5)]
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o] During the partial and final closure periods, all contaminated
equipment, structures and soil must be properly disposed of, or
decontaminated unless specified otherwise 1n 264 197 (6 CCR and 40
CFR 264114)

o If the owner or operator demonstrates that not all contaminated soils
can be practically removed or decontaminated as required i1n paragraph
264 197(a), then the owner or operator must close the tank system and
perform post-closure care in accordance with the closure and post-
closure care requirements that apply to landfills (264 310)

A closure plan for the Original Process Waste Lines was submitted on

November 25, 1987, as part of the Post-Closure Care Permit Application (Rockwell
International, 1987) Interpretations and conclusions incorporated in this document

supersede those 1n the November 25, 1987, plan

21 REPORT OVERVIEW

This report provides geologic results of the 1986 and 1987 site characterization
investigations performed 1n areas adjacent to the Original Process Waste Lines There
1s no characterization of ground-water flow or quality presented in this report
because no monitoring wells have been installed to specifically monitor the Original
Process Waste Lines Additional wells and piezometers will be installed adjacent to

the Original Process Waste Line during the fall and winter of 1988

The report begins with site background information Presented 1in this
introduction are site location and description and objectives of this study The
introduction 1s followed by a regional setting chapter (Section 3) which describes
climatology, physiography and geology 1n the vicinity of Rocky Flats Plant Section
4, Site Geology, discusses the surficial and bedrock geology in the vicinity of the

Original Process Waste Lines Appendix A contains geologic logs and well
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construction summaries for the wells and boreholes 1n the vicinity of the Original

‘ Process Waste Lines

22 SITE LOCATION AND DESCRIPTION

The Rocky Flats Plant 1s located in northern Jefferson County, Colorado,
approximately 16 miles northwest of Denver (Figure 2-1) The Plant consists of
approximately 6,550 acres of federally owned land in Sections 1 through 4 and 9
through 15 of T2S, R70W, 6th Principal Meriditan Major buildings are located within
the Plant security area of approximately 400 acres The security area 1s surrounded

by a buffer zone of approximately 6,150 acres (Figure 2-2)

This site characterization report addresses the Original Process Waste Lines,

located within the Rocky Flats Plant security fence (Figure 2-2)

‘ 221 Construction History

The following information regarding the construction history and design of
the Original Process Waste Lines 1s based on interviews with Dow Chemical and
Rockwell International employees conducted by Chen and Associates personnel In

addition, previous reports and letters were reviewed

The Orniginal Process Waste Lines consist of a system of tanks and associated
lines located within the Plant security fence The system was constructed to transport
and temporarily store process wastes from point of origin to on-site treatment points
and was placed into operation 1n 1952 Additions to the system were made through

1975, and the original system has since been replaced Details of the construction
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history, design, past usage, and waste treatment are located 1n Sections 123 and 124

. of this Original Process Waste Lines Closure Plan

23 OBJECTIVES AND SCOPE

The objectives of this study are to characterize the site geology in the vicinity
of the Original Process Waste Lines This information will support closure activities,
post-closure care, and monitoring programs It 1s also the objective of this study to
make recommendations for additional data collection as needed for characterization

of the geology

It 15 not the intent of this study to characterize the hydrogeology and/or

ground-water chemustry  No site-specific program was designed for the Original

Process Waste Lines, therefore, insufficient data are available for a complete
characterization Data for this report have been taken from previous reports from

. areas adjacent to the Original Process Waste Lines (1e, 881 Hillside and Solar Pond
reports) Plans for ground-water investigations in accordance with 6 CCR 1007-C

Part 264 and Part 265 (40 CFR Parts 264 and 265) are presented i1n Section E of the

Post-Closure Care Permit Application
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SECTION 3

REGIONAL SETTING

This section presents the regional setting of Rocky Flats Plant, including
discussions of climatology, physiography and geology Site-specific discussions of the
surficial and bedrock 1n the vicinity of the Original Process Waste Lines are

presented 1n Section 4

31 CLIMATOLOGY

The area surrounding the Rocky Flats Plant has a semiarid climate typical of
the Rocky Mountain region However, the elevation of the Plant and the nearby

slopes of the Front Range slightly modify the regional climate

Winds at Rocky Flats Plant, although variable, are predominantly from the
west-northwest  Stronger winds occur during the winter, and the area occasionally
experiences Chinook winds with gusts up to 100 miles per hour because of 1ts location
near the Front Range (DOE, 1980) Figure 3-1 shows the wind direction, frequency,

and average velocity for each direction as recorded in 1985

Temperatures are moderate, extremely warm or cold weather 1s usually of
short duration On the average, daily summer temperatures range from 55 to 85
degrees Fahrenheit (F) and winter temperatures range from 20 to 45 degrees F
Temperature extremes recorded at the Plant have ranged from 102 degrees F on July
12, 1971 to -26 degrees F on January 12, 1963 The 24-year daily average maximum

temperature for the period 1952 to 1976 was 76 degrees F, the daily average minimum
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was 22 degrees F, and the average annual mean was 350 degrees F Average relative

‘ humidity was 46 percent (DOE, 1980)

Average annual precipitation at the Plant 1s 15 inches Approximately 40
percent of the precipitation falls during the spring season, much of 1t as snow
Thunderstorms from June to August account for an additional 30 percent of the
precipitation Autumn and winter are drier seasons, accounting for 19 and 11 percent
of the annual precipitation, respectively Snowfall averages 85 inches per year,

generally occurring between October and May (DOE, 1980)

32 PHYSIOGRAPHY

The Rocky Flats Plant 1s located at an elevation of approximately 6,000 feet
above mean sea level The site 15 on the western margin of the Colorado Piedmont
section of the Great Plains Physiographic Province (Fenneman, 1931) The Colorado

‘ Piedmont ranges in elevation from 4,000 feet on the east to 7,000 feet on the west
The Piedmont merges to the east with the High Plains section of the Great Plains
Province and 1s terminated abruptly on the west by the Front Range section of the

Southern Rocky Mountain Province (Figure 3-2)

The Colorado Piedmont i1s an area of dissected topography and denudation
where Tertiary strata underlying the High Plains have been almost completely
removed In a regional context, the piedmont represents an old erosional surface
along the eastern margin of the Rocky Mountains It 1s underlain by gently dipping
sedimentary rocks (Paleozoic to Cenozoic 1n age), which are abruptly upturned at the
Front Range to form hogback ridges parallel to the mountain front The piedmont

surface 1s broadly rolling and siopes gently to the east with a topographic relief of
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only several hundred feet This relief 1s due both to resistant bedrock units that
. locally rise above the surrounding landscape and to the presence of incised stream
valleys Major stream valleys which transect the piedmont from west to east have
their origin 1n the Front Range Small local valleys have developed as tributaries to
these major streams within the piedmont In the area of the Plant, a series of
Quaternary pediments have been eroded across this gently rolling surface (DOE,

1980)

The eastern margin of the Front Range a few miles west of the Plant s
characterized by a narrow zone of hogback ridges and flatirons formed by steeply
east-dipping Mesozoic strata (such as the Dakota Sandstone and the Fountain
Formation) Less resistant sedimentary units were removed by erosion (Figure 3-2)
The Front Range reaches elevations of 12,000 to 14,000 feet above mean sea level 15
miles farther west The range itself 1s broad and underlain by resistant gneiss, schist

‘ and granitic rocks of Precambrian age The resistant nature of these rocks has
restricted stream erosion so that deep, narrow canyons have developed i1n the Front

Range

Several pediments have been eroded across both hard and soft bedrock 1n the
area of the Plant during Quaternary time (Scott, 1963) The Rocky Flats pediment 1s
the most extensive of these, forming a broad flat surface south of Coal Creek The
broad pediments and more narrow terraces are covered by thin alluvial deposits of
ancient streams draining eastward into the Great Plains The sequence of pediments
reflects repetitive physical processes associated with cyclic changes :n chimate Each
erosional surface and stratigraphic sequence deposited on 1t probably represents a
single glacial cycle The oldest and highest pediment, the Subsummit Surface (Scott,

1960), truncates the hogback ridges of the Front Range Three successively younger
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pediments, veneered by alluvial gravels, extend eastward from the mountain front
Erosion of valleys into the pediments followed each depositional cycle so that, near
the mountain front, stratigraphically younger geologic units occur at topographically
lower elevations as narrow terrace deposits along the streams From oldest to
youngest, the three pre-Wisconsin deposits are the Rocky Flats Alluvium, the Verdos
Alluvium and the Slocum Alluvium (Scott, 1965) A series of Wisconsin and post-
Wisconsin terrace deposits are present at lower elevations along streams that have
incised the older pediments (east of the Plant) These alluvial deposits are described

in Section 3 3 3, Surficial Geology

The Rocky Flats Plant 1s located on a relatively flat surface of Rocky Flats
Alluvium The pediment surface and overlying alluvium (generally 10 to 50 feet
thick, although the alluvium 1s as much as 100 feet thick west of the Plant) have been
eroded by Walnut Creek on the north and Woman Creek on the south so that terraces
along these streams range 1n height from 50 to 150 feet The grade of the gently
eastward-sloping, dissected Rocky Flats Alluvium surface varies from 07 percent at

the Plant to approximately 2 percent just east of the Plant

33 REGIONAL GEQLOGY

331 Geologic and Stratigraphic Histor

This section describes the regional geologic and stratigraphic history in the
vicinity of the Plant, including the Denver Basin Section 4 describes the site specific

geology and stratigraphy of the Original Process Waste Lines Area

The Rocky Flats Plant 1s located on the northwestern flank of the Denver

Basin and 1s underlain by about 12,000 feet of Paleozoic and Mesozoic sedimentary
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rocks (Hurr, 1976) The Denver Basin 1s an asymmetric synchine that formed during
the Late Cretaceous Laramide Orogeny The western limb of the basin dips steeply to

the east, and the eastern limb dips gently to the west (Figure 3-3)

The geologic history of northeastern Colorado involves several episodes of
mountain building and oceanic transgression and regression, resulting in the
deposition of thousands of feet of sedimentary rock on top of the Precambrian
basement This section describes the geologic history beginning with Precambrian
time  Geologic descriptions of the various units are provided within this context

More detailed descriptions of the units present on site are provided i1n Section 4

Early Precambrian tectonic, metamorphic, and plutonic 1gneous activity
created a complex fabric in the basement rock of Colorado (Grose, 1972) The
Precambrian units were covered by marine and continental sedimentation during the
lower Paleozoic (carbonate and siliciclastic rock units were deposited unconformably
on the Precambrian basement) Most of these units were later eroded by multiple
Paleozoic diastrophisms, thus removing Cambrian to Mississippian rocks from the

Denver Basin area (Kent, 1972)

Middle Pennsylvanian orogenic activity formed the Ancestral Rockies, and the
Fountain Formation was deposited unconformably on the uphifted Precambrian
basement (Figure 3-4) The Fountain Formation contains coarse clastics derived
from the erosion of the Ancestral Rockies and deposited as alluvial fans along a
continental margin (Martin, 1965) The result was nonmarine sedimentation that
occurred 1n northeastern Colorado from the Triassic to early Cretaceous This

sedimentation deposited a sequence of aeolian, fluvial-deltaic, and lacustrine units
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known as the Lyons, Lykins, Ralston Creek, Morrison, and Dakota Formations (Figure

3-4) (Kent, 1972)

The Pierre Shale, consisting of more than 5,600 feet of shales and siltstones,
was deposited 1n the final phases of oceanic sedimentation  The sedimentation
resulted from the last oceanic transgression occurring 100 million years ago during
the late Cretaceous This transgression formed an epicontinental sea called the
Cretaceous Seaway that covered the eastern portions of New Mexico, Colorado, and

Wyoming

Following deposition of the Pierre, the ocean began to regress and deposition
of the Upper Cretaceous Fox Hills and Laramie Formations occurred These
formations contarn sandstones, stltstones, claystones, and coals deposited 1in fluvial-
deltaic and lacustrine environments (Weimer, 1973) Deposition of the Laramie was
influenced and then stopped by the Laramide Orogeny, a major mountain building
event that began in the late Cretaceous and caused uphft of the Colorado Front

Range Mountains and the eastward tilting of the Denver Basin

The Upper Cretaceous Arapahoe Formation was deposited on an erosional
surface marking the end of deposition of the Laramie Major uplift of the Front
Range and downwarp of the Denver Basin continued during deposition of the
Arapahoe Formation Coarse pebble conglomerate lenses deposited in alluvial fans
commonly occur in the Lower Arapahoe, however, conglomerate lenses have not been
found at Rocky Flats Plant Claystone and sandstone units flank and top the alluvial

fan deposits (Weimer, 1973)
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The Denver Formation was deposited above the Arapahoe and 1s over 600 feet
thick This formation contains a variety of lithologies including siltstones, arkoses,

conglomerates, and basalt flows (near Golden, Colorado) (Robson, 1984)

The Dawson Formation was deposited above the Denver in a similar geologic
environment during the late Cretaceous and early Tertiary Robinson (1972)
described the Dawson Formation as a stratigraphic equivalent to the Denver
Formation 1n southern portions of the Denver Basin However, Robson (1984) mapped
the Dawson as a separate, younger (Tertiary) formation occurring above the Denver
The Dawson 1s up to 600 feet thick and consists of congiomerates, sandstones, and

shales (Robson, 1984)

The Tertiary Green Mountain Conglomerate was deposited unconformably on
the Denver Formation, and consists of conglomerates, sandstones, siltstones, and
claystones deposited by a local fluvial system that occurred only in the Golden,
Colorado, area This unit 1s only found capping Green Mountain, approximately 15

miles south of Rocky Flats Plant (Costa and Bilodeau, 1982)

The Rocky Flats Alluvium was deposited on top of a major erosional surface
that developed in late Tertiary time Before deposition of the Rocky Flats Alluvium,
both the Dawson and Denver Formations were completely removed by erosion The
Green Mountain Conglomerate may never have been deposited at the site, but 1f 1t
was, 1t also was removed by erosion The Rocky Flats Alluvium contains boulders,
cobbles, gravels, sands, silts, and clavs deposited in alluvial fans at the base of the

Colorado Front Range Mountains (Hurr, 1976)
Following deposition of the Rocky Flats Alluvium, the material was partally

removed by erosion and the resulting drainages repeatedly infilled with more recent
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sediments The Verdos Alluvium and the younger Slocum Alluvium are the result of
‘ drainage infilling associated with glacial activity Similar processes are occurring
now with an active valley fill alluvium 1n the stream channels and a recent but stable

terrace above the valley fill

332 Plant Bedrock Geology

Bedrock units mapped at the Plant consist of the Laramie and Arapahoe
Formations (Rockwell International, 1986) These are shown 1n cross section in Figure
3-5 Because of the thickness (750 to 800 feet) and low permeability of the Upper
Laramie, 1t 1s considered to be the base of the hydrologic system which could be
affected by Plant operations (Hurr, 1976) The Upper Laramie and overlying

Arapahoe Formations are described below

‘ Laramie Formation

The Laramie Formation 1s a fluvial sequence of sandstones, siltstones,
claystones, and coals, which 1s subdivided into two major lithologic units a lower
sandstone unit and an upper claystone unit The lower sandstone unit 1s exposed 1n
clay pits west of the Plant, and the upper claystone unit was observed in outcrop and
in cores of several 1986 monitor wells west of the Plant The descriptions presented

below are taken from Rockwell International (1986)

Lower Sandstone Unit The lower sandstone unmit consists of light to medium gray,
very fine- to medium-grained, well sorted, subrounded to subangular quartzose

sand with up to 25% lithic fragments Sandstones are typically fair to poorly
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indurated and cemented with silica Individual sandstone beds are 5 to 15 feet
thick and are interbedded with white to light gray claystones The
claystones are organic-rich and kaolinitic and have been mined from the clay
pits west of the plant Individual claystone beds are 10 to 15 feet thick
Sedimentary structures observed 1n outcrop include planar, angular, and trough
crossbeds, load structures, fluid escape structures, and ripple marks Plant
fossil casts and molds of branches, stems, and leaves are concentrated along
bedding planes The contact between the lower sandstone unit and the upper
claystone unit 1s gradational and was selected where thick sandstone beds and

kaolinite-rich claystones are less abundant

Upper Claystone Unit The upper claystone unit consists primarily of dark olive gray

(5 Y 2/1) (GSA Rock Color Chart), poorly indurated claystones Upper
Laramie claystones generally weather to a light olive gray (5 Y 4/1) and may
have dark yellowish orange (10 YR 6/6) 1ron staining along bedding planes
and secondary fractures These claystones appear quite similar to Arapahoe

claystones 1n outcrop

Thin sandstone lenses (less than three feet thick) also occur in the upper
Laramie These sandstones are typically yellowish gray (5 Y 8/1), fine- to very
fine-grained, well sorted, subangular, and calcareous Core data (well 50-86)
indicate that thin beds of white, kaolinite-rich claystone typical of the Lower

Laramie occur 1n the Upper Laramie as well

The contact between the Upper Laramie claystones and the Lower Arapahoe

sandstones 1s gradational and was selected using core data The contact was picked

the first Arapahoe sandstone greater than five feet thick (Rockwell
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International, 1986) This 1s consistent with the stratigraphic horizon picked as the

. base of the Arapahoe Formation at Rocky Flats Plant by Hurr (1976, 1985)

Arapahoe Formation

The Arapahoe Formation consists of fluvial claystones with interbedded
lenticular sandstones and siltstones Contacts between these lithologies are both sharp
and gradational The claystones are olive gray (5 Y3/2) to dark gray (N 3/0), poorly
indurated, silty, and contain up to 13 percent organic material Weathering has
penetrated from 10 to 40 feet into bedrock The weathered claystone 1s light olive
gray, blocky, slightlv fractured, and has iron staining as mottles and along bedding

planes and fractures (Rockwell International, 1986)

Sandstones 1n the Arapahoe Formation are light gray (N 6/0) to yellowish gray

(5 YR 8/1), very fine- to medium-grained, with approximately 15 percent silt and

‘ clay The sandstones are lenticular, discontinuous, and stratigraphically complex
The sand grains are subangular to subrounded and are predominantly quartzose with

10 percent lithic fragments The sandstones are poorly to moderately cemented and

exhibit ripple marks, load casts, and planar, angular, and trough crossbedding

Arapahoe Formation siltstones exhibit the same coloration, constituents, bedding
characteristics, and sedimentary structures as the sandstones, however, they consist

predominantly of silt-sized particles (Rockwell International, 1986)

333 Plant Surficial Geology

There are six distinct Quaternary unconsolidated units of surficial materials 1n
the vicinity of the Plant Rocky Flats Alluvium, Verdos Alluvium, Slocum Alluvium,

terrace alluviums, valley fill alluvium, and colluvium (Figure 3-6)
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The Rocky Flats Alluvium 1s topographically the highest and the oldest of the
alluvial deposits The alluvium unconformably overlies the Laramie and Arapahoe
Formations in the vicinity of the Plant The deposit 1s a series of laterally coalescing
alluvial fans deposited by streams (Hurr, 1976) The fans were deposited on an ero-
sional surface cut into the bedrock units, including channelization around the

hogbacks of the lower Laramue

The alluvium consists of sand, clay, silt, gravel, cobble, and occasional boulder
deposits Locally, the alluvium 1s cemented with calcium carbonate 1n the form of
caliche Color of the alluvium 1s pale to dark yellowish brown The sands range
from very fine-grained to medium-grained and poorly to moderately sorted The
thickness of the alluvium i1s variable due to deposition on an erosional surface and
recent erosional processes The alluvium i1s thickest to the west of the Plant, where
less has been eroded, and thinnest to the east of the Plant (Rockwell International,

1986)

Various alluvial deposits occur topographically below the Rocky Flats
Alluvium 1n the drainages and include the Verdos, Slocum, terrace, and valley fill
alluviums and colluvium (Figure 3-7) These deposits are primarily composed of
reworked Rocky Flats Alluvium with the addition of some bedrock material Each

unit i1s described below
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The Verdos Alluvium occupies a topographic position about 0 to 100 feet
below the adjacent top of the Rocky Flats Alluvium The Verdos was deposited
around the periphery of the present extent of the Rocky Flats Alluvium as fans and
channel filling derived by erosion of the older Rocky Flats Alluvium The maximum
thickness 1s about 40 feet, occurring as terraces in valleys east of the Plant The
alluvium consists of unsorted gravels, sands, and clays similar to the Rocky Flats

Alluvium, but the material 1s whitish gray in color (Rockwell International, 1986)

The Slocum Alluvium 1s a poorly sorted gravel deposit containing much sand,
silt, and clay derived from erosion of bedrock and the older gravel deposits The
formation has a maximum thickness in the vicinity of the Plant of about 20 feet, but
1s commonly 5 to 10 feet thick It occupies a topographic position of about 150 to 300
feet below the top of the Rocky Flats Alluvium, and occurs downslope of the Verdos

Alluvium 1n valleys ecast of the Plant site (Rockwell International, 1986)

Locally, two Wisconsin-age terraces are associated with the present drainages
The terrace alluvium occurs 5 to 35 feet above recent valley floors The alluvium 1s
comprised of gravels, sands, and clays, derived from bedrock and reworking of older
alluvial deposits The terrace alluvium can rarely occur up to 30 feet in thickness,
however, the thickness 1s usually around 5 feet The alluvium occurs in valleys

surrounding the Plant (Rockwell International, 1986)

Valley fill alluvium occurs in the bottom of the present stream valleys around
the Plant The valley fill ranges from dark-brown, sandy, clayey silt to moderately
sorted cobbles and small boulders, recently reworked from previously deposited
alluviums The valley fill along streams which head on the Rocky Flats Alluvium
and have not yet cut through to bedrock tends to be coarse and have little or no fine

material However, where the valley fill 1s deposited on bedrock, 05 to 2 feet of
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cobbly sand and gravel commonly 1s overlain by several feet of sandy, clayvey silt
(Rockwell International, 1986) Subsequent erosion and deposition locally may have
added more sand, gravel and cobbles on top of the silt, or cut through the valley fill

to expose bedrock along the channel bottom (Hurr, 1976)

Colluvium, produced by mass wasting and downslope creep, collects on the
sides and at the base of hills and slopes These deposits are poorly sorted mixtures of
so1l and debris from bedrock clay and sand mixed with gravel and cobbles derived
from the older Rocky Flats Alluvium The colluvium consists predominantly of clay
with common occurrences of sandy clay and gravel Color 1s yellowish brown to
dusky brown and caliche 1s common locally The thickness of the colluvium ranges

from 3 to 22 feet (Rockwell International, 1986)

334 Regional Bedrock Structure

The general geologic structure of the area is north-striking sedimentary beds
with dips to the east away from the Front Range Monocline Dips are quite steep
west of the Plant 1n the Fox Hills Sandstone and Laramie Formation (on the order of
50 degrees or greater) These units are flanked on the west by Precambrian terrain of
the Front Range Uplift and on the east by gently dipping sedimentary beds of the
Denver Basin However, because the axis of the monoclhine onto the Front Range
appears to be inclined to the east, dips become rapidly more gentle, on the order of 7
to 15 degrees beneath the Plant itself (Rockwell International, 1986) A major
bounding fault between the Front Range and the Denver Basin, the Golden Fault,

runs north-south several miles west of the Plant at the mountain front (Figure 3-7)

The majority of the displacement on the Golden Fault, the uplift of the Front

Range and subsidence of the Denver Basin, occurred during the late Cretaceous to
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early Eocene Laramide Orogeny about 40 to 70 million years ago (Marun, 1963)
Erosion during the Laramide Orogeny 1s believed to have kept pace with uplift and
the Front Range probablv never stood very high above the Denver Basin during the
orogeny By the late Eocene, an erosional surface of low relief covered much of the

Rocky Mountain Region

The mountains west of the Rocky Flats Plant are the result of Post-Laramide
tectonics and erosion About 5,000 to 10,000 feet of uplift has taken place in the
Rocky Mountain Region since the earlv Miocene about 25 million years ago Late
Tertiary block faulting 1s believed to have accompanied the regional uphft as
indicated by apparent displacements of the late Eocene erosional surface (Scott, 1975
and Epis and Chapin, [975) There 1s some evidence that block faulting has
continued 1nto the Quaternary (Scott, 1970, Whitkind, 1976, and Kirkham and Rogers,

1981)

In 1981, extensive studies were done to evaluate the Quaternary history of the
Golden Fault and other faults at the Rocky Flats Plant and vicinity (Dames and
Moore, 1981) The Golden Fault studies did not produce any evidence of tectonic
activity along the Golden Fault within the past 500,000 years, and the fault does not

have surficial expressions characteristic of geologically young fault zones

Hurr (1976) showed a fault crossing the eastern edge of the Plant, based on a
series of bedding irregularities that appeared to be an extension of the previously
mapped Eggleston Fault (northwest of the site) Further investigations of the feature
(Dames and Moore, 1981) revealed that it 1s probably a penecontemporancous growth
fault attributed to slumping of the unconsolidated Arapahoe Formation before burial
and lithification The Denver Basin has been tectonically stable for about 28 million
years with the exception of a series of earthquakes associated with waste injection at
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Figure 2 2

Rocky Flats Plant
Boundaries and Buffer Zone
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